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PREFACE. 



.1^ 

Thk present in, emphatically, an age of utility. Howe^r |»rofomid 
and accurate a book may be, its career will be brief and its circulation 
limited, unless it is eminently practical, and wisely adapted to its pur- 
pose. Hence it often haj^pens, that persons of undoubted abilities as 
^ men of learning, have utterly failed in their attempts to produce ayail- 
4^ able text-books in their re^>ectiye departments of study. 

Experience as a teacher, and tact as a compiler, are as important 
to the author of a school-book, as a knowledge of the subject upon 
which he writes: And even with all these endowments, few writers 
of elementary works are satisfied with their own productions till actual 
use in the school-room has shown wherein they are defective, or want- 
mg in adaptaticm, and of what improvements they are capable. Hence 
afanost every new school-book is " revised and improved,*' beftnre it 
passes to a second edition. 

The Elbmbntakt Astronomy and Astronomical Maps have now 
been before the public about eighteen months, during which time about 
one tfunuand sets of maps, and ten thousand copies of the book have 
I been sold. These have gone into use in almost every state of the 
Union, and every grade of schools, from the Common School to the 
University. One set of maps, and a supply of books, were ordered by 
a Scotph lady« who had used the work in her own seminary in this 
country, to be used in a model school in Edinburgh, Scotland. 

During the past year both the author and publishen have taken 
ipecial pains to ascertain the views of practical teachers, who were 
^kctually using the work, and to obtain any suggestions which might 
1m of service in rendering future editions more perfect and complete ; 
and the unanimity and cordiality with which all such have commended 
tiie work, is truly gratifying and encouragmg. A few alterations and 
i&i|Mrovements have been suggested, by some of which we have en- 
deavored to pr(^t 

Soon after the Second Edition was published, we were requested by 
teachers in Philadelphia and elsewhere, to prepare a suit of appro- 
priate Questions on the Lessons. Accordingly, these appear in the 
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4 PREFACE. 

Third Edition, in the form of an Appendix, and are still continned 
They can, therefore, be used or not, at the discretion of the teacher. 

To adapt the work to private learners, and to schools that cannot 
purchase the large maps, it is now issued with the large maps in minia* 
ture, interspersed among the lessons. These being exact copies of the 
originals, though upon a smaller scale, we have not only a magnificent 
set of charts for lectures and illustrations in the school-room, but each 
learner has a set of the same maps in his text-book, and can, there- 
fore, pursue his studies either with or without the large maps, accorc* 
ing to circumstances. The text, however, has not been altered ; so 
that the book is still perfectly adapted to the large maps, and can be 
used with former editions, as if it had not been illustrated. 

In a few instances the language of the book necessarily supposes 
the large maps to be in view, as on pages 32 and 201 ; but these cases 
are rare. As die large and small maps are the same, if the text is 
adapted to one, it must be to both. 

The diagrams are inserted where they are first referred to, and ara 
made to face the right, so as to be easily kept in view while studying 
the lessons that follow. 

It is confidently believed that the peculiarities of this work are such 
as will commend it to general favor, and secure for it increasing popu- 
larity, and an enviable and lasting reputation. 

1. In the first place, the method or flan of the work is eminently 
originaL <* One thing at a time," and " every thing in its place," have 
been the author's mottoes. It liegins at homo, or with the Solar Sys- 
tem, and ends in the more distant or Sidereal Heavens. The Earth 
is treated of astronomically, or as a planet ; and instead of digressing 
Hrhen we come to her, to consider her Moon, and the phenomena of 
Eclipses and Tides, these subjects, and all others pertaining to the 
secondary planets, are reserved for their appropriate places. Tides 
and Eclipses are by no means peculiar to our globe ; why, then, should 
we sacrifice a philosophical classification, and foist in the Moon, with 
the subjects of Tides and Eclipses, before we have done with the pri- 
maries? 

Another prominent feature in the arrangement, and one that 
will please every practical teacher, is, that the facts of the science 
are classified. Instead of naming a planet at the head of a lesson 
or chapter, and then giving its distance, magnitude, density, velocity, 
period, &c., all mingled together upon the same page, vidatmg 
the laws of association, and setting at defiance the effi>rts of mem- 
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oiy, all facts of the same kind are here claased together ; 00 that 
the whole scienee is reduced to system and order. For instance, when 
the Primary Planets are taken up, the first lenon following is devoted 
to their namet and astronomical symbols; the second to their diS' 
ianees, &c., so that their temperature, magnitudes, densities, periods, 
■easons, 6bc, constitute so many distmot lessons; c<»sequently, the 
fisicts can not only he read, hot Isarned and remembered. 

2. A second characteristic of the work is, that it is more fully ilhMh 
trated than imy other work, of the same form, that has ever been pub- 
lished in this country. And yet it is not a mere pictnre-bodk, in 
which a noble science has been trifled with, and sacrificed to a desiie 
to catch the eye, and sell the book. The idea of devoting every other 
page of a scientific work exclusively to illustrations, and at the same 
time doing any kind of justice to the subject on the intermediate pages, 
is altogether chimerical. It would be too much like a farm, one-half 
of which was devoted to a flower-gardMi ; or like some of our illus- 
trated holiday-papers. 

3. The leading design being to furnish an available text-book ol 
Astronomy for Common Schools and Academies, as well as for i«i- 
▼ate students, the author has confined himself mainly to what may be 
called the facts of the science, or in other words, to the results which 
have been arrived at by the labors of the observatory and the re- 
searches of the mathematician. The structure and use of instruments, 
and the calculations and processes by which the facts of the science 
are arrived at, are designedly omitted. These may be necessary in 
Iftftt-bodLs for our higher institutions of learning, but they can never 
bec<Hne legitimate subjects of primary instruction. For similar rea- 
sons, the mythological history of the science has been discarded. 

4. We haf« adapted the wc^k to the present state of the science by 
embodying the statistics of several new planets, recently discovered, 
the recent observations of Lord Rosse upon the Moon and the distant 
Nebulas, and the sublime and almost overwhelming announcement of 
M&dler in regard to the " Central Sun." 

5. When used in connection with the large maps, the work com- 
bines all the advantages of Uackboard illustrations, with the most pa- 
tient study of a text-book. All the diagrams in the book are found in 
the corresponding maps, upon a very large scale, so tha*^««e^ expla- 
nation irom the maps, by the teacher, serves to render the diagrams 
in the book more interesting and intelligible. Another striking ad- 
vanti^e of this method of teaching Astronomy is, that whatever illus- 
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trations are given by the teacher, benefit the whole dan alike, 
without the labor of repetition to each scholar, over a diagram in 
the book. This saving of time and repeated explanations to differ- 
ent pupils, will be readily appreciated by every practical instructor. 
Again, many of these drawings are entirely original, and in the opin- 
ion of competent judges, better calculated to convey a correct and per- 
manent idea to the mind, than any that have heretofore appeared. 

6. Though adapted to use with the series of large maps, it is, at the 
same time, complete in itself, and can be used as well independently of 
them as if it had no connection with them whatever. This is an im- 
portant advantage. 

7. To all these we may add that, all things considered, it is the 
ekeapeet text-book of Astronomy that has ever been published in 
America. A class of thirty scholars can be supplied at retaU with a 
set of the large maps, and a book for each for $30. A school of .100 
can procure a set of maps and a book for each pupil for $65. If pio- 
oured at wholesale prices, a set of maps for the school-room, and a 
book for each pupil, would cost less than fifty cents per scholar ; and 
the more scholars, the less the expense to each. Where, then, wa 
ask, can the same facilities for acquiring a knowledge of Astronomy 
be procured for the same money ? We commend this consideration 
especially to those having charge of large schools in our cities and 
elsewhere. 

Such are some of the peculiarities of the Elbmbntart Astronomy ; 
and upon these we can safely rest our claims to public patronage, in 
sending it forth to the world. In its preparation for the press, the au- 
thor has availed himself of all the helps within his reach. He has 
•consulted all the books upon the subject that were available in this 
<M>untry, as well as many practical teachers, and gedtlemen of ao- 
knowledged scientific abilitiea But while on the one hand he has used 
beoks as writers generally use them, namely, as sources of knowledge, 
and has advised with men of learning and experience in regard to 
many particulara, the author feels bound, in justice to himself, to claim 
for his work a good degree of originality ; and to say, that whether 
good or bad, it is, in the main, his own, and not the work of another^ 

It is only necessary to add, that the statistics in the tables are gen- 
erally %liill1lirToand numbers, and according to what were considered 
the highest authorities. 

Kcw York, Jam, 1, 1849. 
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Thkri are several ways in which this work may be used to ad^ 
vantage. 

1. It may be studied precisely like any other text-book, and the 
pupil examined by the printed, or by extemporaneous questions. This 
is the usual method in those schools which have not the large maps, 
and in academies and seminaries where the pupils study in their rooms, 
and see the large maps only in the recitation-room. 

2. Wherever the large maps can be obtained, and the pupils aO 
study in tho same room, and only during school hours, Astronomy 
should be made a general exercise two or three times every week. 
The maps to which the lessons refer, should be suspended on the south 
mde of the room, if practicable, (to answer to the natural position of 
many of the objects in the heavens,) and the lesson studied with con- 
stant reference to the maps. They are so much more attractive and 
hnposing, and the figures so much more distinct and prominent than 
the cuts in the book, as to give them a decided advantage over all or- 
dinary illustrations. They should, therefore, be procured whenever 
practicable, and used in connection with this work. 

3. A third method of using the work, is to use it at a reading'hook 
two or three times a week, either with or without the large charts. If 
these are in the school, they should be suspended before the class do- 
zing the exeicise. By this method the pupil will learn to pronounce 
scientific terms correctly, to read figures with facility, to read with at- 
tention, and to remember what he reads. Besides, no extra time will be 
xequired. The pupil is leamiug yy read, and at the same time studying 
a science. By the use of the mafA^the teacher can illustrate the lessons 
as he goes along, and a wholesom| interest will be sustained throu^- 
oat The cpiestions in the Appendix will be found convenient in re- 
viewing the lessons. Teachers will find this an efiicient and^lightful 
method of teaching Astronomy. ^^ 

4. Several of the tables in the first part of the wori^ should be com- 
mitted to memory ; such as the names, distances, magnitudes, &c., of 
the primary planets. If the teacher prefer, they may be learned by 
ecmcert recitations. 
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5. The astronomical signs in Lesson 7th should be drawn npon the 
blackboard by the learner, and explained. It would also be useful 
for him occasionally to draw maps of difierent celestial objects, from 
memory. 

^ In some cases, the whole suliject may be presented orally by the 
teacher, in a series of evening lectures, following the course of the 
book ; but this should rather be in addition to the regular study during 
school houis, than a substitute for it 

7. After all, much will depend upon the judgment and ingenuity of 
the teacher, and the interest he takes in the subject Sound learning 
can never be acqnured, by any mode of teaching, without thought and 
attention. Neither can any particular course be struck out that will 
be adapted to all kinds of schools, and to every part of the country. 

8. To such teachers as have never studied this science, (and there 
are some of this class,) we would say that the work is specially adapt- 
ed to your circumstances. It is strictly elementary , no extraneous 
and abstruse matters darken its pages, and it is not so voluminous as 
to require a year to go through it You will find no difficulty what- 
ever in teaching the science with this work, even though you have 
not previously taught it ; and a class in this delightful and sublime 
science will be the surest means of adding to your present intellectual 
stores, a knowledge of this important branch of study. If any new 
motive be necessary, let it be remembered that no new study is so 
nqndly going into the primary schools of the country, as that of De- 
scriptive Astronomy ; and the time is not far distant when it will be 
required to be taught in every school-house in the land. Be encour- 
aged, then, to enter upon this study. Organize your doss at once, 
and launch out now for a knowledge of those fleets of worlds that sail 
the upper deep. If entered upon in the spirit of a teachef, your prog- 
ress will be rapid, your voyage delightful, and success certain. 

With these suggestions, the work is now committed to your hands. 
Having been formerly identified with you as a practical teacher, the 
author expects the co-operation of his professional friends, in rendering 
the work useful to the rising generation, and in promoting the interests 
of that noble science to which it is devoted. 
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Lesson !• 

ASTRONOMY — ^ITS NATURE AS A SCIENCE. 

Science is knowledge systematically arranged, so as 
to be conveniently taught, easily learned, and readily 
applied. 

Astronomy is that science which treats of the names, 
dbtances, magnitudes, and motions of the heavenly bodies 
— the Sun, Moon, Planets, Comets, and Fixed Stars — and 
the laws by which they are governed. 

All who are not deprived of the blessing of sight 
have seen the sun, moon, and stars. Indeed they are 
Tery familiar objects. Now, by carefully observing 
their appearances, and watching their movements for a 
short time, every learner may discover or establish the 
following facts for himself, viz. : — 

1. The Sun and Moon appear nearly of a size, and 
much larger than any other bodies that we see in the 
heavens. 

2* The Sun sheds a strong and brilliant light upon 
the earth, while the light of the moon is pale and 
feeble. 

8. The Sun and Moon are sometimes near each other, 
as when the new moon is first seen in the west, while 
at other times, the moon rises in the east just as the sun 
goes down. 

4. When the Moon is first seen east of the sun, she 
is very slender ; but as she falls behind and separates 
6om the sun, she grows larger and larger till she be- 
oomes a ** full moon ;" after which she grows smaller 

2 



14 ASTKONOMY — ITS NATURE AS A SCIENCE. 

and smaller till new moon again. The horns of the 
new moon point to the east, while those of the old moon 
point to the west. 

5. It is easy to see, by watching the moon for only 
one or two nights, that she is actually moving eastward 
as respects the stars ; and she sometimes runs over, or 
seems to cover up one, and put it out for a time as she 
goes along. 

6. Everybody has noticed the dark lines and spots 
upon the surface of the Moon, as if some one had at- 
tempted to draw an outline map of some new country 
upon her face, showing its various islands, continents, 
and seas. 

7. Most people have seen what is called an eclipse ; 
or in other words the partial or total darkening of the 
sun or moon, as if some large object was covering 
them up. 

8. The stars differ very much in their apparent size- 
some appearing large and bright, while others are so 
small and faint as to be scarcely perceptible. 

9. Most of the stars seem to keep the same distance 
from each other, and to occupy the same positions with 
reference to each other from age to age. But there are a 
few that are constantly wandering along eastward, as 
it were from star to star, till, like the Moon, they 
traverse the whole circuit of the heavens. During this 
journey, they sometimes stop for a while, and even fall 
back westward, but they soon resume their route again 
with an accelerated motion, and hasten eastward over 
the celestial concave. 

10. One star at least is west of the sun for a time, 
'^ and rises before him, on which account it is called the 

Morning Star, But this same star, may at other times, 
foe seen east of the sun. At this time she may be seen 
in the west after the sun goes down, and is then called 
the Evening Star. 

11. The stars in the northern portions of the heavens 
never set, but seem to revolve around what is called the 
North Pole star, from night to night, and from year to 
year. By ranging by a stake or some other permanenw 
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object, on a clear evening, it will be seen in a short 
time that all the stars below the North Pole star seem to 
be moving eastward, 

12. During the winter, the sun is quite low down in 
the south ; but in June and July, he is almost directly 
overhead at twelve o'clock, even as far north as the 
United States. These, and many other curious things 
respecting the heavenly bodies, may be observed with 
the naked eye, or without the aid of telescopes. It was 
in this* way that the ancients studied astronomy. By 
carefully watching the heavens, they learned one fact 
after another, respecting the sun, moon, and stars, and 
when these facts were put together and arranged in syste- 
matic order, they constituted the Science of Astronomy. 



Lesson 3. 

ANCIENT HISTORY OF ASTRONOMY — THETTOLEMAIC THEORY. 

(Map 1.) '"^^ ^^ 

The oldest records of astronomical science are fbiuid 
in the Holy Scriptures. We there read of the creation 
of the sun, moon, and stars, and the commencement of 
their revolutions. In the Book of Job, which was written 
fifteen hundred years before Christ, we read of " ArciU' 
nts, Oriofiy and Pleiades ^^^ — stars or clusters of stars that 
bear the same name at the present day. We are here 
taught, also, that our world does not rest upon some vast 
and strong foundations, but that the Almighty << hangeth 
the earth upon nothing." 

The prophet Amos speaks of the "seven stars and 
Orion," seven hundred and thirty-three years before 
Christ, and of the phenomena of day and night. 

The Greek philosopher, Pythagoras^ taught astronomy 
about five hundred years before Christ, and the Egyptian 
philosopher, Ptolemy^ in the second century of the Chris- 
tian era. Ptolemy constructed a regular system or theory 
of astronomy, by which he proposed to account for all the 
appearances and motions of the heavenly bodies. 
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Ig THE PTOLEMAIC THEOET. 

The Ptolemaic System, so called from Ptolemy, its 
author, is the subject of Map No. 1. It represents the 
earth as located in the centre of the universe ; as being 
perfectly at rest ; as a plane instead of a globe ; and as 
inhabited only on one of its sides. Some supposed the 
earth to float upon an abyss of waters ; while others be- 
lieved that it rested upon the head of an enormous serpent 
or dragon, as represented on the map. Ptolemy taught, 
also, that the sun, moon, planets, and stars revolved 
around the earth, from east to west, as they appear to do, 
every twenty-four hours. To account for their passing 
over the earth without falling down upon its surface, it 
was supposed that the heavenly bodies were supported by 
vast arches or hollow spJieres, in which they were firmly 
set like a diamond in a ring. 

But as the sun, moon, planets, and stars were not all at 
the same distance from the earth, it was supposed that 
there were several of these spheres placed one above an- 
other — that the Moon was in the first, Mercury in the 
second, Venus in the third, the Sun in the fourth. Mars in 
the fifth, Jupiter in the sixth, Saturn in the seventh, and 
the Fixed Stars in the eighth. The ancients had no 
knowledge of Herschel, or Le Verrier. 

Mercury, Venus, and the Moon, were placed in the 
three lower spheres, because they were sometimes seen 
to pass between the earth and the sun. But Mercury 
and Venus sometimes go before the sun, and sometimes 
follow after him. To account for this, it was supposed 
that besides the great circle of the heavens around which 
they passed daily, they had other smaller circles .within 
their respective spheres, in which they revolved at the 
same time. These the ancients called epicycles. They 
may be seen on the Map, in the second or sphere of Mer- 
cury. 

To account for the rapid westward motion of these 
ponderous spheres, it was believed that the necessaiy 
moving power was applied in some way to the upper 
sphere, above the fixed stars ; and that this sphere com- 
municated its motion to the one immediately beneath or 
within it, and so on down to the lower sphere. This, it 
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was thought, moved slower than the rest, as the moon 
constantly fell back of the sun. To allow the light of 
the stars to pass down to the earth, it was supposed that 
the several concentric spheres rising one above another, 
were made of the finest crystal^ and were perfectly trans- 
parent. The space above the fixed stars was designated 
as the blissful abode of departed spirits. 

On the map, the spaces between the white circles repre- 
sent the several crystalline spheres. The sun and moon 
are represented as going down in the west, the moon 
having fallen a little behind the sun, as when we first see 
the new moon. Mercury and Venus are near the sun, as 
they always are, and Mars, Jupiter, and Saturn on the 
left. On the right is seen a comet passing down towards 
the sun. 

Such is the Ptolemaic Theory of the structure of the 
Universe. 

Lesson 3. 

DIFFICULTIES OF THE PTOLEMAIC THEOET. 

(Map 1.) 

Besides the clumsiness of the machinery, it was at- 
tended by numerous difficulties which its supporters could 
never explain or obviate. 

1. It could never determine what upheld the earth. 
Rocks and mountains could not float upon water ; and if 
they could, what upheld the water? Some imagined that 
the earth was upheld by a huge serpent^ resting upon the^' 
back of a tortoise^ as represented in the map. But what 
upheld the tortoise ? 

2. It represented many very large bodies, as the sun 
and some of the planets are now known to be, as revolv- 
ing around the earth, a comparatively small one. 

3. It adopted the most difficult and unreasonable plan 
for lighting and warming the earth, and producing day 
and night. Taking the sun around the earth every 
twenty-four hours, was like carrying a fire around a 

2* 
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person who was cold and wished to be wanned ; instead 
of his turning himself to the fire as he pleased. 

4. The Ptolemaic theory would require a motion in- 
conceivably rapid in all the heavenly bodies. As the 
sun is ninety-five millions of miles from the earth, the 
entire diameter of his sphere would be one hundred and 
ninety millions of miles, and its circumference about six 
hundred millions. Divide this distance by twenty-four— 
the number of hours in a day — and it gives twerUy-fve 
million miles an hour ; or sixty-nine thousand four hun- 
dred atfd forty.four miles per second, as the velocity of 
the sun ! 

This theory gives a still more rapid motion to Marsy 
Jupiter, Saturn, and the fixed stars. It would require 
the nearest of the latter to move at the rate of near ^/Jwir- 
teen thousand millions of miles per second, or seventy 
thousand times as swift as light, in order to accomplish 
its daily course. 

But with all these difiiculties in its way, the Ptolemaic 
theory was generally believed till about the middle of the 
sixteenth century, or three hundred years ago. 

Lesson 4. 

THB COPERNICAN SYSTEM. 

(Map 2.) 

' About the year 1510, Nicholaus Copernicus, of Prusfflft, 
taking some hint perhaps from the writings of Pylhago* 
ras, discovered what is now generally received as the 
true theory of astronomy, and called afler its author the 
Corpemican System. 

The CoPERNicAN System attributes the apparent daily 
motion of the sun, moon, and stars from east to west, to 
the actual motion of the earth on its axis from west to 
east. Though the heavenly bodies seem to move, yet we 
often transfer our own motion, in imagination, to other 
bodies that are at rest ; especially when we are carried 
rapidly along without effort, as in a carriage, steamboat 
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pr railway car. It * places the sun in the centre of a 

i^stem of worlds, of which the earth is one. It gives them 

, JH^ revolution around their common centre, by which the 

t:4dasons are produced ; and another upon their axes, pro- 

^ facing day and night. It accounts fer all the motions of 

^ heavenly bodies, and harmonizes the whole system of 

4iature. 

r\ The Copemican System is represented in Map 2. In 
t^e centre is seen the sun, in a state of rest. Around 
mm, at unequal distances, are the planets and fixed stars, 
'the former revolving about him from west to east, or in 
the direction of the arrows. The white circles represent 
the orbits, or paths, in which the planets move around 
the sun. • On the right is seen a comet plunging down 
into the sy«tem around the sun, and then departing* 
This is the Copemican Theory of the solar system. 

** O how uniike the comi^ez worics of man, 
Heaven's easy, artless, unencumbered plan I" 

The trutlr of the Copemican theory is established by 
the most conclusive and satisfactory evidence. Eclipses 
of the sun and moon are calculated upon this theoryi 
and astronomers are able to predict thereby their com- 
mencement, duration, &c., to a minute, even hundreds 
of years before they occur. We shall, therefore, as- 
sume the truth of this system, without further proof; 
and proceed accordingly to the study of the hoavenlj 
bodies. 

Lesson S. 

FIRST eRAXD DIVISIONS OF THE T7NIVERSB. 

(Map 2.) 

The material universe may be divided into two parta, 
viz., the Solar System and the Sidereal He^ivens. 

The Solar System consists of the Sun and all the planets 
and comets that revolve around him. 

The Sidereal Heavens embrace all those bodies that 
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lie around and beyond the solar system, in the region of 
the fixed stars. 

The relation of the one to the other may be partially 
understood by carefully observing Map 2. The sun 
and his attendant worlds are there seen within the fixed 
stars, which occupy the corners of the map, and the 
spaces without in every direction. If the observer were 
placed at a distance beyond the solar system, in any 
direction, he would see vast numbers of die fixed stars 
between it and him, as if they were scattered between 
the eye of the learner and every part of the map. But 
situated as we are, in the midst of the Sidereal Heavens, 
which surround us in every direction, it is not strange 
that the earth should seem to be in the centre of the 
universe. 

In considering the general subject of astronomy, we 
shall proceed according to the foregoing classification^ 
treating first of the Solar System, and secondly, of the 
Sidereal Heavens. 



PART I. 

OP THE SOLAR SYSTEM. 



CHAPTER I. 

CLASSmCATION OF THE SOLAR BODIES. 

Lesson S. 

THE SUN, PLANETS, PRIMARIES, SECONDARIES, iUS. 

(Map 2.) 

The Solar System derives its name from the Latin 
word Sol, the Sun. It includes that great luminary, and 
dl the worlds that revolve around him. To distinguish 
these attendant bodies from others in the heavens, they 
will be denominated Solar Bodies, 

The bodies of the Solar System are divided into sev. 
eral distinct classes. 

I. The Sun is the fixed centre of the system, around 
which all the solar bodies revolve ; and from which they 
receive their light and heat. 

II. The Planets are those bodies that revolve around 
the sun, and receive their light and heat from him. The 
term planet signifies a wanderer, and was applied to the 
solar bodies because they seemed to move or wander 
about among the stars. 

1. The planets are divided into Pnmarjf and Secondary 
planets. 

The primary planets are those larger bodies of the 
system which revolve around the sun only, as their cen- 
tre of motion. They may be distinguished on the map 
by their size, and also by their being in their orbits, or on 
the white circles. 
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The secondary planets revolve not only around the 
sun, but also around the primary planets, as their at- 
tendants or moons. They may easily be distinguished 
on the map. 

2. The planets are again divided into Interior and Ex- 
terior planets. 

The interior planets are those whose orbits lie wiMn 
the orbit of the earth ; or between it and the sun. 

The exterior planets are those whose orbits lie unihaui 
the orbit of the earth. 

3. Five of the smaller primary planets are called 
Asteroids. They may be seen on the map near t(^ether, 
just above the sun. 

4. Comets are a singular class of bodies belonging to 
the solar system, distinguished by their long flaunting 
trains of light, and also by the elongated form of theif 
orbits. 



f* 



CHAPTER II. 

OP THE PRIMARY PLANET8L 

Lesson 7. 



VAMBS AND SIGNS OF THB PRIMARY PLANETS. 

(Map 2.) 

The Primary Planets are thirteen in number.* They 
are distinguished in astronomical books by certain charac« 
ters or signs, which are used to represent their respective 
planets. The names of the planets and their symboU 
are as follows : 



Mercury, 


^ 


C Vesta, 


fi 


Jupiter, 


U 


Venus, 


$ 


} Astrssa, 


* 


Saturn 


^ 


Earth, 


© 


i Juno, 


5 


Herschel, 


V 


Mara, 


S 


( Ceres, 
{ Pallas, 


? 


. Le Verrier, 


¥ 






$ 





* Four new Asteroids haye recently been discovered, oi which, 
however, very little is known. They are called Flora, Jru, Meti^, 
and Hebe. 
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Most of the planets are named after heathen gods or 
goddesses. 

Mercust was the messenger of the gods, and the 
sign, Q, is his cadueeus, or rod^ with serpents twined 
around it. 

Venus was the goddess of love and beauty. Her 
^n, 9, is a mirror with a handle after the ancient 
form. 

The Earth is represented by the sign q, denoting a 
sphere and its equator; or by 0, which may denote 
either meridians of longitude, or the four quarters of the 
globe. 

Mars was the god of war, and his sign, ^ , is a huckler 
and spear. 

Vesta, the goddess of fire, has the sign of an oHary fi, 
with a. fire blazing upon it. 

Astrjba, the name of the new asteroid, signifies a starj 
and may be known by its appropriate sign, ^. 

Juno was the reputed queen of heaven ; and her 
sign, Q , is an ancient mirror, crowned with a star — an 
emblem of beauty and i)ower. 

Ceres is so called after the goddess of grain and har- 
vests. Her sign, ?, is a sickle, of an antiquated form. 

Pallas was the goddess of Wisdom, and her sign, $, 
is the head of a spear. 

Jupiter, the reputed father of the gods, is known by 
the sign 2^. It was originally the letter Z, the first let- 
ter of the Greek word &us, the name for Jupiter, which 
has been changed in the course of time to its present 
form. 

Saturn was the reputed father of Vesta, Ceres, &c. 
His astronomical sign, ^, is supposed originally to have 
denoted a scythe. 

Herschel, so called after Sir William Herschel, its 
discoverer, (also called Georgium Sidus, or Georgian Star, 
after Greorge III. his patron, and Uranus, from a heathen 
divinity,) has the sign of the letter H, with a planet sus- 
pended from the cross-bar — ^thus, W. It is designed to 
indicate Dr. Herschel as its discoverer. 

Ls Verrier, the last new planet, so called from its dis* 
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eoverer, has the sign of an L and a V united, with a 
planet suspended from the hair line of the V — thus, "}(• 
This also denotes the discoverer of the planet.* 

The Moon is denoted by various signs, according as it 
is new, half-grown, or full — ^thus, #, €), O. 

The Sun is represented by the sign 0, denoting an an- 
cient buckler. As the ancients kept their bucklers bright, 
so as to dazzle the eyes of their enemies, this instrument 
was selected as the appropriate emblem of the sun. It is 
also known by the signs ® and ®. 

The five planets enclosed in braces in the table are 
the Asteroids. Mercury and Venus are the interior plan* 
•ts, and those outside the Earth's path the exterior. 

The several planets should now be looked out upon the 
map, and their comparative size, distances from the sun, 
and appearances carefully noticed. 

Mercury is placed close to the sun, and directly under 
him. Venus is also near the sun, and a little above him 
on the left. The Earth is next in order, above the sun, 
and a little to the right. The Moan and her orbit will be 
seen near the earth. Mars is on the right of the sun, and 
beyond the orbit of the earth. He is the irst of the exte- 
rior planets. Above the earth are seen the five planets 
called Asteroids, viz. : Vesta, Astraa, Juno, Ceres, and 
Fallas. Jupiter is the large planet below the sun on 
the left. His surface is striped with curious belts, and he 
is attended by four secondary planets or moons. Above the 
Asteroids on the right is seen the beautiful planet Saium. 
He is attended by seven moons, and surrounded by two 
magnificent and wonderful rings. Herschel and his six 
moons are placed on the left, near the upper comer of the 
map. Le Kemer could not be placed upon the map at his 
relative distance, but may be imagined at twice the dis- 
tance of Herschel, and of about the same magnitude. 

* The Board of Loifitude of Paris recommeiid that the sew 
planet be called Neptunua, after the heathen |;od of the seas, with 
the sigu of a trident ; but we eee no good reason why the name 
of ks discoverer shoold b^ exchanged for that of an imaginary dhrini- 
ty. Astronomy nf^eds no additional appendages firom the Mytholocj 
oS the ancients. 
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/ 

Lesson 8« 

DISTANCES OF THE PLANETS FROM THE STTN. 

(Map 2.) 

Map 2 shows all the planets, except Le Verrier, at their 
relative distances from the sun. The scale is one hun- 
dred millions of miles to an inch. The distances of the 
planets in miles are as follows : 



Mercury, 37 millions. 


Ceres, 263 millions. 


Venus, 69 


i( 


Pallas, 263 " 


Earth, 95 


(( 


Jupiter, 495 " 


Mars, 145 


t( 


Saturn, 900 " 


Vesta, 225 


t( 


Herschel, 1,800 " 


Astraea, 253 


(( 


Le Verrier, 2,800 " 


Juno, 254 


« 





It is difficult to conceive justly of these vast distances. 
Were a body to move at the rate of five hundred miles 
an hour, without intermission, it would require near eight 
and a half years for it to pass from the sun to the nearest 
of these planets. To visit the earth would require over 
twenty-one years ; and to reach Herschel over four hun- 
dred years ! 

Railroad cars travel at the rate of about thirty miles 
an hour, or a mile in two minutes. Now if there was a 
railroad from the sun to the orbit of Le Verrier and the 
orbits of the other planets were stopping-places on the 
route, the train would reach 



Mercury, 


in 


152 


Venus, 


It 


264 


Earth, 


t( 


361 


Mars, 


u 


554 


Jupiter, 


u 


1,884 


Saturn, 


t( 


3,493 


Herschel, 


u 


6,933 



t( 



Le Verrier, " 10,650 
Such a journey would be equal to riding 900,000 timei 
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at the eye will be great or small, according as it is near 
to or distant from the observer. This is illustrated by 
Fig. 2. On the left is the object. To the observer in 
the centre the globe is 20° in diameter ; but to the one 
on the right its diameter is but 10°. To a third observer, 
at twice the distance of the last, it would appear but 5^' 
in diameter, &c. This shows why objects grow smallc 
in appearance as we recede from them, and larger as we 
advance towards them. Their apparent magnitude is in- 
creased or diminished in proportion to the distance from 
which they are viewed. 



Lesson 11« 



THE SUN AS SEEN FROM THE DIFFERENT PLANETS. 

(Map 3.) 

By the table of distances, (8,) and also by Map 2, it 
will be seen that the Sun is about twice as near to Mer- 
cury as he is to Venus. Of course, then, according to 
the principle illustrated in Fig. 2, his apparent diameter 
must be twice as great when viewed from Mercury as 
when viewed from Venus. From the Earth it is still 
smaller, and so on till we view him from the distant orbit 
of Le Verrier, from which he would appear but a small 
glimmering point in the heavens. From the fixed star 
Sirius, he would appear smaller than Sirius appears 
to us. 

The relative apparent magnitude of the Sun, as seen 
from the different planets, is represented by Fig. 3. Hip 
angular diameter would be, 

From Mercury - 

" Venus - - 

« Earth - - 

" Mars ». - - 

" Vesta . - 

" Astrsea - - 

" Juno ... 



82Y 


From Ceres - - - - llV 


44^ 


" Pallas . - - 111' 


22' 


" Jupiter - - . er 


2V 


" Saturn . - - 3|' 


13^^ 


" Herschel - - l|' 


12^ 


" Le Verrier - 50^ 


12^ 
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i 

From Mercury it is supposed that the spots on the Sun 
would be visible to the naked eye, as seen on the map ; 
and from Le Y errier the Sun himself would appear but aa 
a large and brilliant star. Let the student imagine him- 
self as approaching the sun till it has four times its pres- 
ent apparent diameter, and his spots stand out in full view 
to the naked eye ; and then let him recede from the sun, 
p^ the earth and the orbits of Jupiter and Saturn, and 
retire away into space, till the sun appears but a glim- 
mering star, and he will have some faint conception of 
the almost inconceivable distances of the solar bodies. 



Lesson 13. 

FHILOSOPHT OF THE DIFFUSION OF LIGHT. 

(Map 3.) 

Light always moves in straight lines, unless turned out 
of its course by reflection or refraction. This is repre- 
sented by Fig. 4 on the map ; where the light is seen 
passing to the right, from the sun on the left. From this 
law it follows that the squares A B and C in the diagram 
would receive equal quantities of light ; but as B has 
four times, and C nine times the surface of A, a single 
square of B equal to A, would receive only one-fourth 
as much light as A ; and a square of C, equal to A, 
would receive only one-ninth as much. This difference 
in the amount of light received is caused by the unequal 
distances of the several squares from the miniature sun 
on the left. The distances are marked on the upper line 
of light by the figures 1, 2, 3. 

The rule for determining the relative amount of light 
received by several bodies, respectively, placed at unequal 
distanoes from their luminary, is, that their light is tn^ 
tersely as the squares of their distances. This rule, also, 
is illustrated by the figure. The square of 1 is 1 ; the 
square of 2 is 4 ; and the square of 3 is 9. Hence 1, •}•, 
and J, will represent their relative light, as already 
shown. The checks are designed to illustrate this rule. 

3* 
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Lesson 13. 

LIGHT AND HEAT OF THE SEVERAL PLANETS. 

(Map 3.) 
By applying the foregoing rule to the planets, at their 



respective distances from the sun, we are enabled to 
certain the relative amount of light received by each ; 
and on the supposition that their heat is proportionate to 
their light, we can easily determine their average tertu 
perature. At the bottom of the map the planets are 
placed at their relative distances from the sun, commen- 
cing with Mercury on the left, and extending to Herschel 
on the right. Immediately over each planet respectively, 
and near the upper line of the diagram, is marked the 
proportionate light and heat of each, the earth being one** 
They are as follows : 

Mercury 6^ Juno 1 

Venus 2 CJeres and Pallas - - J 

Earth - 1 Jupiter -j^ 

Mars J Saturn X 

Vesta * Herschel - - - - ^-f^ 

Astrsea f he Verrier - - - y^\nr 

It appears, therefore, that Mercury has 61 times as 
much light and heat as our globe; Herschel only ^^^ 
and Le Verrier only j^^th part as much. Now if the 
average temperature oi the earth is 50 degrees, the aver- 
age temperature of Mercury would be 325 degrees ; and 
as water boils at 212, the temperature of Mercury must 
be 113 degrees above that of boiling water. Venus 
would have an average temperature of 100 degrees, 
which would be twice that of the earth. On the other 
hand, Jupiter, Saturn, Herschel, and Le Verrier, seem 
doomed to the rigors of perpetual winter. Think of a 
region 90, 368, or 1300 times colder than the average 
temperature of our globe ! 
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*< Who there inhabit must haye other powen, 
Juices, and veins, and sense, and life, than oun : 
One moment's cold, like theirs, would pierce the bonO) 
Freeze the heart's blood, and turn us ^ to stone !" 

It is not certain, however, that the heat is proportionate 
to the light received by the respective planets, as various 
local causes may conspire to modify either extreme of 
the high or low temperatures. For instance. Mercury 
may have an atmosphere that arrests the light, and screens 
the body of the planet from the insupportable rays of the 
sun ; while the atmospheres of Saturn, Herschel, &c., 
may act as a refracting medium to gather the light for a 
great distance around them, and concentrate it upon their 
otherwise cold and dark bosoms. 



Lesson 14. 

MAGNITUDE OF THE PLANETS. 

(Map 2.) 

On the large map the planets are drawn upon a scale of 
40,000 miles of diameter to an inch. The Sun is repre- 
sented as but a point, because he could not be placed in 
the map, of a size proportionate to the planets. 

The diameters of the several planets are as follows : 



Mercury, 8,000 miles. 


Ceres, 


1,600 miles. 


Venus, 7,700 " 


Pallas, 


2,100 " 


Earth, 8,000 " 


Jupiter, 


89,000 « 


Mars, 4,200 " 


Saturn, 


79,000 « 


Vesta, 270 " 


Herschel, 


85,000 « 


Astrsea, unknown. 


Le Verrier, 


35,000 « 


Juno, 1,400 " 







By carefully observing each planet as laid down on 
the map, it will be seen that their relative magnitudes 
oorrespond with their relative diameters as here stated. 
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Lesson IS. 

BELATIVE MAGNITUDE OF THE SUN AND PLANETS. 

(Map 4.) 

The relative magnitude of the sun and planets is repre- 
sented in Map 4, Fig. 1. The scale of the charts is the 
same as in No. 2 — ^namely, 40,000 miles of diameter to 
an inch. As the sun is 886,000 miles in diameter, he 

is dra\v:n 22^ inches across, to show his true magnitude 
as compared with the planets. These may be seen on 
the right side of the map, commencing with Mercury at 
the top, and passing downward to Herschel. Le Verrier 
is opposite Herschel on the lefl. 

The secondary planets will be seen around their pri- 
maries. 

The magnitudes of the primary planets as eompared 
with the earth, are as follows, viz. : 

Mercury, . . . . ^ Ceres, jl^ 

Venus, ----- ^ Pallas, ^ 

Earth, 1 Jupiter, - - - 1,400 

Mars, i Saturn, - - - 1,000 

Vesta, TBWO Herschel, - - 90 

Astrsea, unknown. Le Verrier, - 90 

Juno, jI^ 

The sun is 1,400,000 times larger than the earth, and 
500 times larger than all the other bodies of the Solar 
System put together. It would take one hundred and 
twelve such globes as our earth, if laid side by side, to 
reach across his vast diameter. 

The moon's orbit is two hundred and forty thousand 
miles from the earth. Now, if the sun was placed where 
the earth is, he would fill all the orbit of the moon, and 
extend more than two hundred thousand miles beyond it 
on every side ! What is a globe like ours compared with 
such a vast and ponderous body as the sun ? 
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Lesson 16. 

COMPABATIVB DENSITY OP THE PLANETS. 

By density is meant compactness or closeness of parts. 
Hence we say cork is less dense than iron, and stone is 
more dense than common earth. In like manner the 
planets difier from each other in density, or in the com* 
pactness of the substances of which they are composed. 

The comparative density of the several planets, and the 
substances with which they most nearly agree in weight, 
will be shown by the following table, in which the earth 
IB taken as the standard of comparison. 

. 3 — ^lead. Saturn, . . . A — cork. 

. ^ — earth. Herschel, . \ — water. 



i Le Verrier, . unknowa. 

^ — earth. Sun, .... } — water. 



:f- 



water. 



Mercury, 
Venus, . 
Earth, . 
Mars, 
Jupiter, 

This table is one of considerable importance, and 
should be committed to memory. Its uses will be more 
clearly seen in the next lesson. 



Lesson 17. 

ATTRACTION OF THE PLANETS. 

Attraction or gravitation is the tendency of bodies to- 
wards each other. By this influence substances fall to 
the earth, when raised from it and left without support. 
The force of attraction is what constitutes the weight of 
bodies ; and its amount depends upon the quantity of 
matter in the bodies attracting, and their distances from 
each other. , 

From the above law of attraction it follows that large 
bodies attract much more strongly than small ones, pro- 
vided their densities are equal, and their distances the 
same ; and as the force of attraction constitutes the weight 
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of a body, it follows that a body weighing a given number 
of pounds on the Earth would weigh much more on Ju- 
piter or Saturn ; and much less on Mercury or the As- 
teroids. 

The following table shows the relative attractive force 
of the Sun and Planets. A body weighing one pound on 
the Earth, would weigh 

ibt. OS. 



On Mercury, 


. . 1 IJ 


" Venus, - 


15 


" Mars, 


8 


** Jupiter, . 


2 8 


" Saturn, - 


1 5J 


" Herschel, 


12| 


" LeVerrier, - 


unknown. 


« The Sun, 


- 28 53 



A person weighing 150 lbs. on the Earth, would con. 
sequently weigh 375 lbs. on Jupiter ; 4,250 lbs. on the 
Sun ; and only 75 lbs. on Mars. The attractive force of 
the Asteroids is so slight that if a man of ordinary mus- 
cular strength were transported to one of them, he might 
prolmbly lift a hogshead of lead from its surface without 
difficulty. 

But the learner will ttotice that the attractive force, as 
shown in the above table, is not in strict proportion to the 
hulk of the planets respectively. This difference will be 
accounted for by again referring to Lesson 16, where the 
subject of density is considered. From the principles 
there laid down, it will be seen at once that though one 
planet be as large again as another, still, if it were but 
half as dense, it would contain no more matter than the 
smaller one ; and their attractive force would be equal. 
If Jupiter, for instance, were as dense as the earth, his 
attractive force would be four times what it now is ; and 
if the density of all the solar bodies was precisely the 
same, their attractive force, or the weight of bodies on 
their surfacesf would be in exact proportion to their 
bulk.. 
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Lesson IS. 



PERIODIC BEYOLUnONS OF THE PLANETS. 

(Map 2.) 

It has already been stated (3, 4, and 6) that the planets 
revolve around the sun. Their direction is from west to 
east, or towards that part of the heavens in which the sun 
rises» The passage of a planet from any particular point 
in h^ orbit, around to the same point again, is called its 
periodie revoluBM ; and the time occupied in making such 
revolution is called its periodic Utn^, 

The p^odic times of the planets ure as follows : 



Mercury, 

Venus, 

Earth, 

Mars, 

Vesta, 

Astrsea, 

Juno, 

Ceres, 

Pallas, 

Jupiter, 

Saturn, 

Herschel, 

Le Verrier, 



The- periodic time of a planet may very properly be 
^called its year ; hence, one of Herschel's years would 
equal 84 of ours ; a year of Saturn is equal to about 30 
of ours, &c. 

But this difference in the length of the years of the 
several planets, is not owing solely to the difference in 
the extent of their orbits : there is an actual difference in 
their velocities, as will be shown in the next lesson. 
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CENTRIPETAL AND CENTBIFXJGAL F0BC18. 



Lesson 19» 



HOXJBLY MOTION OF THE PLANETS IN THEIR 0RBIT8» 



(Map 2.) 



Mercury, 

Venus, 

Earth, 

Mars, 

Vesta, 

Astrsea, 

Juno, 

Ceres, 

Pallas, 

Jupiter, 

Saturn, 

Herschel, 

Le Verrier, 



95,000 miles. 

75,000 « 

68,000 

55,000 

44,000 

42,000 

42,000 

41,000 

41,000 

30,000 

22,000 
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Here, instead of finding the swiftest planets perform- 
ing the longest periodic journeys, this order is reversed, 
and they are found revolving in the smallest orbits. The 
nearer a planet is to the sun, the more rapid its motion, 
and the shorter its periodic time. The reasons for this 
difference in the velocities and periodic times of the plan- 
ets, will appear in the next lesson. 



Lesson 30# 

CENTRIPETAL AND CENTRIFUGAL FORCES. 

(Map 2.) 

The tendency of the planets towards the sun, or is 
Other words, the mutual attractive force of the sun and 
planets, is called the centripetal force ; and the projectile 
force, or that which impels the planets onward in their 
orbits, is called the centrifugal force. If the centripetal, 
or force of attraction, was suspended, the planets would 
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fly off in straight lines beyond their present orbits, and 
leave the Solar System forever ; and if the centrifugal 
force was suspended, the planets would yield to the cen- 
tripetal force, and fall to the surface of the sun. 

It has already been stated, in Lesson 17, that the 
force of attraction depended somewhat upon the distances 
of the attracting bodies ; those nearest together being mu- 
tually attracted most. It follows, therefore, that Mercury 
has Uie strongest tendency towards the sun, Venus next, 
the Earth next, &c., till we get through to Le Verrier ; 
and as the centrifugal force, which is to balance the cen- 
tripetal, is created by the velocity or projectile force of 
the planets, that velocity must needs be in proportion to 
their distances respectively, from the sun; the nearest 
revolving the most rapidly. This we i&nd .to be the actual 
state of things in the Solar System. And what wisdom 
and skill are displayed in so adjusting these great forces, 
as that the planets neither fall to the sun on the one hand, 
nor fly oflf beyond the reach of his beams on the other ! As 
it is, they remain balanced in their orbits ; and steadily 
revolve at stated periods from age to age. " O Lord, how 
manifold are thy works ! in wisdom hast thou made them 
all." 

Lesson 21. 

©lUENAL EEVOLUTIONS OF THE PLANETS. 

(Map 8.) 

In addition to the motion of the planets in their orbits 
around the sun, they have another motion around their 
respective axes, producing the vicissitudes of day and 
aight. So far as is known, the time of these revolutions, 
or the length of their days, respectively, is as follows : 

Mercury, 24 hours. 

Venus, 23J " 

Earth, 24 « 

Mars, 24J " 

Jupiter, 10 " 

Saturn, lOJ « 

4 
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Herschel, unknown. 

Le Verrier, .... unknown. 
Sun, .... 25 days 14 hours. 

The learner will not fail to observe the striking simi. 
larity in the length of the days of the first four of the 
planets ; much less the very rapid motion of Jupiter and 
Saturn upon their respective axes. As their days are 
only about five hours long, the sun must seem to mount 
very rapidly up their heavens, and to decline as rapidly 
downward to their western horizon. His progress must 
be apparent to the inhabitants of those planets. 

From the rapid rotation of Jupiter and Saturn, it fol- 
lows that they must have about 875 of their days in one 
of our years; and as Jupiter's year is about 12 times, 
and Saturn's about 30 times as long as ours, it follows 
that the former will have about 10,500 days in his year, 
and the latter about 26,200. 

The fact that the planets revolve upon their respective 
axes is ascertained by observing the motion and direction 
of spots on their surfaces ; or, in other words, their coi- 
tinents and seas. For instance, in observing the sun, we 
discover one of his spots on his eastern limb or edge, and 
by watching it, find that it passes over his disc and dis- 
appears from his western limb in about 12 days and 19 
hours. From this we infer that it would pass around and 
reappear where it was first seen, in 12 days and 19 hours 
longer ; making the time of the entire revolution 25 days 
and 14 hours. It is in this way that the time of the rev- 
olution of the planets upon their axes is determined. 
The effect of the rotation of the planets in modifying their 
forms, will be shown in the next lesson. 



Lesson 22« 

TEUB FIGUEE OF THE PLANETS. 

The spherical form of the planets evinces the supreme 
wisdom of the great Creator. Were they cubes, for in- 
stance, instead of spheres, their temperature would be far 
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; the sun would rise suddenly 
, and as suddenly disappear at 
f twilight, and the gradual suo- 
B they now transpire, would ba 

>ts are represented ais exactly 
his is not their precise form. 
id their respective axes has « 
.tten ihem at their poles ; and 
their equators. Hence theif 
liderahly greater than their po- 
jres of the planets being that 

the polar and equatorial diam- 
jtively, so far as known, is aa 

Jupiter, . . 6,000 milei. 
Saturn, . . 7.&00 " 



m 33. 

ECUPTIC. 

:ap 5.) 

B or level of the earth's orhit, 
^. 1 represents the earth in her 
r to a beholder placed at a dis- 

, , the plane of the ecliptic. She 

ia represented in perspective as appearing smaller as she 
grows more distant — as keeping her poles towards the 
Mine points in the heavens ; and as exhibiting the phases 
of the moon according as we see more or less of her en- 
lightened side. She is colored green, as she usually is 
through the series, to represent her vegetation. The ar- 
, rows placed in her orbit show her direction. 

If the student has any diificulty in getting a correct 
idea respecting the ecliptio, let him suppose the orbit of 
the earth to be a hoop of small wire laid upon a table : 
Ihe surface of the table, both within and without tiie hoop) 
would then represent the plane of the ecliptic. 
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From the above definition and description, it will be 
seen that the ecliptic passes through the centre of the 
earth, and the centre of the sun ; consequently the eclip- 
tic and the apparent path of the sun through the heavens 
are in the same plane. It will be easy, therefore, to as- 
certain the true position of the ecliptic in the heavens ; 
and to imagine its course among the stars on the other 
side of the globe. 

Lesson 34. 

THE POLES OP THE ECLIPTIC. 

(Map 6.) 

The poles of the earth are the extremities of her axis. 
The poles of the ecliptic are the extremities of the im- 
aginary axis upon which the ecliptic seems to revolve. 
The ends of a rod or pointer, run through the map 
at the centre of the sun, would exactly represent the 
poles of the ecliptic. 

As the ecliptic and equator are not in the same plane, 
their poles do not coincide, or are not in the same points 
in the heavens. 

Lesson 25. 

OBLIQUITY OF THE ECLIPTIC 

(Map 8.) 

It has already been stated that the sun as well as the 
earth is always in the plane of the ecliptic. But he 
is north of the equator for six months, and south six 
months. It follows, therefore, that one-half the ecliptic is 
south of the plane of the earth's equator, and the other 
half north of it. 

As the axis of the earth is inclined to the ecliptic 23^ 
28', her equator must make the same angle to the eclip- 
tic in the opposite direction ; and the ecliptic must cross 
the plane of the equator obliquely. The angle of 22^ 
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2B' thus made is what constitutes the ohUqidiy of the 
ecliptic. 

This subject will be better understood by examining 
the figure of the earth, and the position of her equator^ as 
xepresented on the map. 



Lesson 36. 

THE ZODIAC. 

(Map 5.) 

The Zodiac is an imaginary belt 16^ wide, namely, 
8^ on each side of the ecliptic ; and extending from west 
to east quite around the heavens. It is represented on 
the map by the plain circles above and below the eclip- 
tic. In the heavens the Zodiac includes the sun's ap- 
parent path, and a space of eight degrees south and eignt 
degrees north of it. 

Lesson 27« 

SIGNS OF THE ZODIAC 
(Map 6.) 

The great circle of the Zodiac is divided into twelve 
equal parts called signs. These divisions are shown on 
the map by the spaces between the perpendicular lines 
that cross the Zodiac. The ancients imagined the stars 
of each sign to represent some animal or object, and gave 
them names accordingly. 

The names, order, and symbols of the twelve signs 
of the Zodiac, are as follows : 

Aries, or the Ram, . . ^ Libra, the Balance, . . a^ 

Taurus, the Bull, . . ^ Scorpio, the Scorpion, . til 

Gemini, the Twins, . . H Sagittaritis, the Archer, / 

Cancer, the Crab, . . ^ Capricomus, the Goat, . V3 

Leo, the Idon, ... SI Aquarius, the Waterman, zz 

Virgo, the Virgin, . . TTJ Pisces, the Fishes, . . ^ 

The ancient Astrologists supposed that each of these 

4* 
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signs governed some particular part of the human body ; 
and even in modern times people sometimes consult the 
frontispiece of their almanacs, to see whether the " sign" 
is " in the head," or " in the heart ;" so as to attend to 
certain important affairs "when the sign is right." 
The idea seems to be that the word " sign'* signifies an 
omen or prognostication ; and that the signs of the Zodiac 
have some mysterious control over the destiny of man. 
But this fragment of heathen astrology is fast falling into 
disrepute ; and it is hoped will soon be utterly bached 
from every civilized country. 



Lesson 3S. 

NODES — ASCENDING AND DESCENDING. 

(Map 5.) 

Fig^. 1 represents ati interior plattet as. revolving in 
an orbit inclined to the ecliptic at an angle of about'45^ '" 
and as both planets revolve around the same centre of at- 
traction, the interior planet must pass through the plane 
of thQ ecliptic twice at every revolution : once in a^cenit 
ing, ind' bnce in descending. These two poinfs^^ wjfere 
the orbit of a planet passes through or cuts the plane of 
the ecliptic, are called the nodes of its orbit. One is 
called the ascending, -and the other the descending node. 
On the map A. N. is the ascending node, and D. N. the 
descending node. They are also denoted by the follow- 
ing characters, viz. : ^ for the ascending, and t5 for the 
descending. 

A line drawn from one node to the other is called the 
Une of the nodes, and may be seen on the map, marked 
L.N. 

In the figure the ascending node is represented as 
being in the middle of Libra, and the descending in the 
middle of Taurus. The design is merely to illustrate the 
subject, without representing the actual line of the nodei 
^f any one of the planets. 
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Lesson 39« 

TRANSITS. 

(Map 5.) 

By consulting Fig. 1 it will be seen that if an interior 
planet was at her ascending node, and the earth on the 
Une of the nodes, on the same side of the ecliptic, the 
planet would seem to pass over the body of the sun, as 
shown in the figure. This passage of a planet over the 
sun's disc, or between the earth and the sun, is called a 
lyansit. 

Mercury and Venus are the only planets that can make 
a transit visible to us ; as all the rest are exterior to the 
earth's orbit, and consequently can never come betweea 
the earth and the sun. But the earth may make transits 
visible from Mars, the Asteroids, and Jupiter ; and they 
in turn may make transits for the inhabitants of all exte* 
rior worlds. The principle is, that each interior planet 
may make transits for all those that are exterior. 

But transits can never occur except when the interior 
planet and the earth, or planet from which the transit is 
seen, are both on the line of the nodes. The sun and 
both the planets will then be in a line, and the one near, 
est the sun will seem to pass, like a dark round spot,' over 
the sun's face. 

If the orbits of Mercury and Venus lay in the plane 
of the ecliptic, (see Lesson 23,) they would make transits 
whenever they were in conjunction with the sun. Even 
with their present inclination the same phenomenon would 
take place twice in every revolution, if Venus and the 
earth, for instance, were to start, together from the line 
of Venus's nodes, and revolve in the same periodic time. 
Venus would then always make a transit in passing her 
nodes. 

To calculate transits at any one node, we have only 
to find what number of revolutions of the interior planet 
are exactly equal to one, or any number of revolutions 
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TRANSITS OF MERCURT. 



of the earth ; or in other words, when the earth and tho 
planet will again meet on the line of the planet's nodes. 
In the case of Mercury this ratio is as 87.969 is to 
365.256 ; from which we ascertain that 

7 periodical revolutions of the Earth are equal to 29 of Mercury ; 
23 « " « " " 54 " 

33 « " « " " 137 " 

46 « « « « « 191 « 

Therefore transits of Mercury, cU the same node, may 
happen at intervals of 7, 13, 33, 46, &c., years. 

All transits and eclipses are calculated upon these 
principles. 



Lesson 30. 



TRANSITS OF MERCITRT. 



(Map 5.) 

The following is a list of all the transits of Mercury 
from the time the first was observed, November 6, 1631, 
to the end of the present century. 



1631 — November 6. 

1644 — November 6. 

1651 — November 2. 
1661— May 3. 

1664 — November 4. 
1674— May 6. 

1677 — November 7. 

1690— November 9. 

1697 — November 2. 
1707— May 5. 

1710 — ^November 6. 

1723 — November 9. 
1736 — November 10. 

1740 — November 2. 

1743 — November 4. 
1753— May 5. 

1756 — November 6. 

1769 — ^November 9. 



1776 — November 2. 
1782 — November 12. 
1786— May 3. 
1789 — November 5. 
1799— May 7. 
1802— November 8. 
1815 — November 11. 
1822 — November 4. 
1832— May 5. 
1835 — November 7. 
1845— May 8. 
1848 — November 9. 
1861^November 11. 
1868— November 4. 
1878— May 6. 
1881 — November 7. 
1891— May 9. 
1894— November 10. 
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By carefully examining the foregoing table it will be 
seen that the transits of Mercury all occur in the months 
of May and November. The reason for this is, that his 
ascending node is in the 16th degree of Taurus, and his 
descending in the 16th degree of Scorpio ; the first of 
which points the earth always passes in November, and 
the other in May. 

All the transits, therefore, that happen in November, 
are when Mercury is at his ascending node, and the resi- 
due are when he is at his descending node. 

Again : If we take the transits in their order, as laid 
down in the table, they will be found not to occur at in- 
tervals of 7, 13, 33, 46, &;c. years, as previously stated ; 
but if we take those only that occur at the same node, we 
shall find them regulated according to the ratio prescribed. 
For example: from 1631 to 1644 is 13 years; from 
1644 to 1651 is 7 years ; from 1651 to 1664 is 13 years ; 
from 1664 to 1677 is 13 years ; from 1677 to 1690 is 13 
years; from 1690 to 1697 is 7 years, dec. Thus far 
their intervals are 7 and 13 years ; but they may happen 
at the other periods. 

If we take those occurring in May we shall find them 
conforming to the same ratio ; as previously laid down 
in Lesson 29. 



Lesson 31. 

TRANSITS OF VENTTS. 

(Map 6.) 

6 periodical revoIntioiiB of the Earth aie equal to 13 of Veniia 
235 «* « " " " 382 « 

251 «« " " " «* 408 " 

291 « «« «< " « 475 ** 

The line of Venus's nodes lies in the middle of Gremini 
and Sagittarius ; which points are passed by the Earth 
in December and June. It follows, therefore, that transits 
of Venus must always happen in one or the other of diese 
months. 
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INCLINATION OF THE OBBITS OF THE PLANETS. 



The following is a list of all the transits of Yenus 
from 1639 (the time the first was observed) to a. d. 2012. 



1639 — December 4. 
1761 — ^June 5. 
1769— June 3. 
1822 — December 6, 



1874 — December 8. 
1882 — December 5. 
2004 — June 7. 
2012 — June 5. 



Here it will be noticed, that the transits for December 
occur at intervals of 235 and 8 years ; and those of June 
at intervals of 8, 235, and 8 years, according to the ratio 
previously stated. 

Lesson 33. 

INCLINATION OF THE ORBITS OF THE PLANETS TO THB 

PLANE OF THE ECLIPTIC. 

(Map 5.) 

Fig. 1 represents the orbit of a planet as inclined to 
the ecliptic at an angle of about 45^. But none of the 
planets have so great an inclination; the main object 
here being to illustrate the subject of nodes. 

The inclination of the orbits of the several planets 
to the plane of the ecliptic, is shown in Fig. 2. In the 
centre is seen the sun. The dotted line running hori- 
zontally across the map, and through the sun's centre, 
represents the plane of the ecliptic. On the right and 
left are seen arcs of a circle, divided off, and numbered 
every ten degrees. The plain lines, inclined more or 
less, and passing through the centre of the sun, repre- 
sent the plane of the orbits of the planets respectively. 
On the lefl, outside the graduated circle, are seen the 
names of the planets; and just within the circle the 
amount of the inclination of their orbits. This inclina- 
tion is as follows : — 

Ceres 1( 

Pallas 3' 

Jupiter 1^ 

Saturn 

Herschel • • • • 
LeVerrier 



Mercury . . , 


. . 70 


Venus . . . 


. . 3i 


Earth . . < 


1 • 


Mars . • . , 


. . 2 


Vesta . • . , 


. . 7 


Astrsea • , , 


. . 7f 


Juno . . . , 


. . 13 
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The wide colored portion of the graduated circle shows 
the limits of the Zodiac, extending 8^ on each side of the 
ecliptic. 

It will be seen that the orbits of most of the planets lie 
within the limits of the Zodiac ; but Juno, Ceres, and 
Pallas extend beyond its bounds. They are therefore 
sometimes called the ultra zodiacal planets. The orbit 
of Le Verrier is not inserted in the map. 

Near the middle of Fig. 2 are seen two comets in their 
orbits ; one coming down from the heights North of the 
ecliptic, passing around the sun and then re ascending; 
and the other coming up from the depths South of the 
ecliptic. The design is to illustrate the fact that the 
comets do not revolve in the plane of the ecliptic, or as 
nearly so as do the planets ; but that they approach the 
8un from all directions, or from every point in the heavens. 



Lesson 33. 

CELESTIAL LATITUDE. 

It will be understood by Lesson 25, that the ecliptic 
and equinoctial are two different planes, intercepting each 
other at an angle of 23^°. Now, although terrestrial 
latitude is distance north or south of the earth's equator, 
jet celestial latitude is not reckoned from the celestial 
equator y or equinoctial, but from the ecliptic. Celestial 
latitude is, therefore, distance north or south of the ecliptic; 
and as one half of the ecliptic is south of the earth's equa- 
tor, (Lesson 25,) it follows that a star may be in north 
celestial latitude, which is, nevertheless, south of the equu 
noctial. 

Lesson 34. 

CELESTIAL LONGITUDE. 

(Map 6.) 

Longitude on the earth is distance east or west from 
any given point. On all English charts and globes it is 
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reckoned from Greenwich Observatory, near London ; but 
on those of American origin it is usually reckoned from 
the meridian of Washington City^ 

Longitude in the heavens is reckoned from the vernal 
equinox, or the first degree of Aries, eastward, around the 
ecliptic to the same point again. The map is a vertical 
view of the Zodiac, and when suspended to the south o£ 
the learner, gives a pretty cori-ect idea of its position in 
the heavens. 

Beginning at the first degree of the sign Aries, and 
passing eastward around the ecliptic, the longitude is 
marked off in degrees on the map, and numbered every 
ten degrees. The entire circle, like all other circles, 
consists of 360 degrees ; which bring us to the point from 
which we started. 

From what has been said, it will be obvious that if the 
sign Aries, for instance, were directly overhead, or on 
the meridian at any given time. Libra would be in the 
opposite part of the Zodiac, or in the heavens beyond the 
other side of the earth. In using longitude to describe 
the position of stars or other objects in the Zodiac, we 
should say the Twins were between the 70th and 80th 
degrees; the Lion between 130 and 140; the Balance 
between 190 and 200 ; the Goat between 280 and 290, 
&c. The student can trace them out for himself, and 
mark their longitude. 



Lesson 35. 

LONGirUDE OF THE ASCENDING NODES OF THE PLANETS* 

(Maps 5 and 6.) 

On Map 5, Fig. 1, the line of the nodes of the in- 
terior planet enters the middle of Aries, and the middle 
of Libra. It was stated in Lesson 30, that the ascend- 
ing node of Mercury was in the middle of Taurus, 
and his descending node in the middle of Scorpio. This 
will be fully illustrated by Map 6, where the line of his 
nodes is shown, and their longitude marked. The map 
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represents the plane of the ecliptic, and when placed in 
the south side of the schoolroom, corresponds with the 
position of the ecliptic in the heavens. The north side, 
or .^de towards th6 learner, is considered as dbome the 
ecliptic, and the south side below it. To pass the plane 
c(f the ecliptic, therefore, from South to North, is to 
^mend \ and to return from North to South is to dtsc&nd. 
Ilie arrows nearest the sun show not only the direction 
of Mercury, as he moves in his orbit, but also his relative 
d&tance from the sun, and the position of his nodes in 
the ecliptic. The entire line of Venus's nodes is also laid 
down on the map, together with her distance from the 
•110, and direction, shown by the arrows crossing the line. 

In astronomical tables, the longitude of the ascending 
node only is given ; for when this is ascertained, that of 
the descending node is easily inferred from it. Take for 
instance, the ascending node of Mercury : it is laid down 
on the map as in longitude 46°. Of course, then, his 
descending node is in the opposite side of the ecliptic, or 
just 180° distant. Add 180 to 46, and we have 226, the 
fiotual longitude of his descending node, as sh«i^n by the 
map. So by adding 180 to 75, the longitude of Venus's 
ascending node, we have 255, the longitude of her de- 
scending node. I have therefore given only the longitude 
oC the ascending nodes of the planets, aner one half the 
Bite of their nodes on the map ; leaving the longitude of 
ti^ descending nodes to be ascertained in the manner 
i^jready explained. 

The longitude of the ascending nodes of the planets 
respectively, is as follows : 



Mercury -, • 


. - 46^ 


Ceres - - . - 80^ 


Venus - - . 


. - 75 


Pallas - - - . 173 


Earth - - . 


• 


Jupiter - - - 98 


Mars - - • 


. - 48 


Saturn .... 112 


Vesta - - . 


. - 103 


Herschel ... 72, 


Astrsea - . 


. . 120 


Le Verrier — undetermined. 


Juno - - . 


. - 171 





This subject should be well understood before the 
learner dismisses it, to enter upon the next lesson. 

5 
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Lesson 36. 

CONSTELLATIONS OF THE ZODIAC. 

(Map 6.) 

By this time the student is no doubt anxious to know 
the meaning of the strange-looking figures that are 
placed around this map, in the signs of the Zodiac. It 
must not be forgotten that a ^ign is merely the twelfth 
part of a circle. The largest circle on the map is divided 
into signs, as well as into degrees. In each sign, and 
outside of the circle, is placed a picture of some kind — 
a bull, a Hon, a lady with wings, a goat, or some other 
figure. The reason for this we will now explain. 

Outside the divided circle on the map, and around the 
different figures or pictures, may be seen numerous stars* 
Some are larger than others, and they seem to be scat- 
tered about at random. Such is the natural appearance 
of the heavens generally, in a clear night, as well that 
belt stretching over from west to east called the Zodiac^ 
as any other portion. Now the ancients imagined that 
the stars were thrown together in clusters resembling 
different objects ; and they consequently named the dif- 
ferent groups after the objects which they supposed them 
to resemble. These clusters, when thus marked out by 
the figure of some animal, person, or thing, and named 
accordingly, were called Constellations. 

As every part of the Zodiac is filled with stars, each 
sign has one or more of these ancient constellations. It 
is on this account that the figure, supposed to be repre- 
sented by the constellation of each sign, is still retained ; 
and the signs bear the names of their respective constella- 
tions. 

The pupil will now more clearly discover the folly of 
the idea that each sign, or constellation of the Zodiac 
" governs" a particular portion of the human body, as 
stated in some almanacs. How preposterous the notioQ 
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that a cluster of stars, millions of miles from our globe, 
govern a man's head, his arms, or his feet ! And yet 
some still think the <' signs" should be consulted in refer- 
ence to many important matters. 

The names of the signs b«ve already been given in 
Lesson 27, to which the learner may again turn, to re- 
fresh his memory, in connection with the map now before 
him. 



Lesson 37« 

THE STTn's apparent MOTION IN THE ECLIPTIC. 

(Maps 5 and 6.) 

In Map 5, Fig. 1, the earth is seen performing her 
annual journey around the sun. Now when the earth is 
in the sign "^ the sun will appear to be in T ; and as the 
earth moves on to til, the sun will appear to pass around 
to b. Hence, as the earth passes around m her orbit 
every year, from west to east, it is obvious that the sun 
will appear to make the circuit of the heavens in the 
same ttme, and in the same direction. 

All the constellations of the Zodiac seem to overtake 
and pass by the sun westward once a year ; or in other 
words, the sun appears to meet and pass through them all 
eastward, in regular order, every 365 days. 

Map 6 may illustrate this subject still more clearly. 
The sun is seen in the centre. Around the sun the earth 
18 seen in her orbit, the arrows showing her direction. 
Now when the earth is in ^ , in November, the sun must 
seem to be in tU, on the opposite side of the ecliptic. So 
when the earth is in II, the sun will appear to be in ^^ 
&c. 

On the 20th of March the earth is in longitude 180, 
or in the first degree of =^ ; at which time we say the stm 
enters T. 

The time of the sun's entrance into die different signf 
is as follows : — 
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T, March 20th. 

» , April 20th. 

n, May 21st. 

2d, June 21st. 

SI, July 23d. 

% August 23d. 



=fe, September 23d. 
tn, Qctober 23d* 
/ , November 22d. 
V3, December 21st. 
ss;, January 20th. 
^, February 19th. 



It must not be forgotten that this motion of the sun 
eastward around the Zodiac, is merely apparent ; and is 
caused altogether by the revolution of the earth around 
the sun. By following the earth in her orbit from March 
20th, around to the same point again, the sun will seem 
to enter all the signs, in the order, and at the times speci- 
fied in the foregoing table. 

As we have our spring while the sun is passing 
through T, b, and 11, these are called the spring signs; 
Sd, si, and W, are the summer signs; =^, ^l, and X, are 
the autumnal signs ; and V3, ssJ, and 3£, the winter signs. 

This subject will be still further illustrated in the next 
lesson. 

Lesson 3S. 

SUCCESSIVE APPEARANCE OF THE CONSTELLATIONS IN THE 

NOCTURNAL HEAVENS. 

(Map 6.) 

We are very apt to suppose that because we see no 
stars in the daytime, there are none in the heavens above 
us. This is an erroneous conclusion. Were it not for 
the light of the sun, the stars would shine out as brightly 
during what we now call the daytime, as they ever do in 
the night ; but instead of seeing the same constellations 
that we see in the night, at any given time, we should 
see those only that were visible in the night six months 
before ; and would be above the horizon again in the night 
mx months aflerwards. 

The fixed stars surround the solar system in every 
direction ; and the fact that we caniSot see the stars be- 
yond the sun, or in that half of the Zodiac in which he 
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appears, (on account of his superior light,) is no proof that 
such stars do not exist and shine. When the sun is to- 
tally eclipsed, the stars appear in the daytime ; and if 
we look through a long tubie or descend into a deep well, 
so as to shut the strong light of the sun fronn the eye, the 
stars may be seen even at noon in the heat of summer. 

Let this subject be illustrated by the map. Suppose a 
person to be observing the constellations of the Zodiac 
on the 21st of June. At midnight all -the constellations 
from =^ around to T would be in sight ; but at twelve 
o'clock the next day, when the other half of the Zodiac 
would be above the horizon, the sun would be between 
the observer and the signs II and 2d, and would shed so 
strong a light over the whole visible heavens, as to eclipse 
or obscure all the stars. 

But as the earth passes on in her orbit, and the sun 
seems to pass the signs eastward in regular order, the 
constellations will arise earlier and earlier every night ; 
so that all of them will seem to pass over from east to 
west in the night in the course of a year. 

This map may be used to show what constellations 
will be on the meridian at twelve o'clock, or at any other 
hour of the night, during every inonth in the year. In 
December they will be 11 and S; in March ^ and ^^; 
in June X and V3, dec, as the earth advances eastward 
in her orbit, and turns from west to east upon her axis. 

Lesson 39« 

DISAGREEMENT BETWEEN THE MONTHS AND SIGNS. 

(Map 6.) 

The names of the months are marked around on the 
map from west to east, to show at what time the earth oc- 
cupies any particular place in her orbit ; and also when 
the sun enters the opposite sign. But the months and 
the signs do not exactly agree in longitude. The earth 
reaches long. 180°, and the sun enters T on the 20th of 
March ; so that there are eleven days of March left afler 
the earth has passed into £^:, and the sun lias entered T* 

5* 
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Of course, then, all the months in the year are a little 
more tardy, so to speak, than the signs ; and are repre- 
sented, in the map, as jutting by them eastward about 
ten degrees of longitude. 



Lesson 40« 

THE EQUINOXES. 
(Map 6.) 

The great circle of the Zodiac is divided into four 
parts, by imaginary lines running through the centre of 
the sun, and at right angles with each other. On the 
map they are dotted, to distinguish them from others, one 
running perpendicularly, and the other horizontally. The 
earth is represented as being at the points where these 
lines cross her orbit. 

Two of these points, namely, the upper and lower, 
are called the equinoctial points. They are so called be- 
cause when the earth is at either of them the sun shines 
perpendicularly on the equator, and consequently to each 
pole ; and the days and nights are of equal length all over 
the world. 

The plane of the equinoctial passes through the earth's 
equator ; or, in other words, it is the equator of the earth 
extending off into the heavens in every direction. 

The earth passes the equinoctial points on the 20th 
of March and the 23d of September ; the first of which 
is called the vernal, and the latter the autumnal equinox. 
These points being in opposite portions of the heavens, 
are, of course, 180° apart, as appears by the map. 



Lesson 41« 

PRECESSION OF THE EQUINOXES. 

The best explanation of this nice and intricate motion 
with which we have ever met, is from the pen of the 
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lamented Burritt ; and as we have no wish to affect 
or^inality at the expense of utility, we insert the follow- 
ing extract for the perusal of the student. It is taken 
from a chapter on the subject in the " Geography of the 
Heavens." 

" Of all the motions which are going forward in the 
Solar System, there is none, which it is important to no- 
tice, more difficult to comprehend, or to explain, than the 
FRECBSSioN OF THE EQUINOXES, as it is termed. 

" The equinoxes, as we have learned, are the two op- 
posite points in the earth's orbit, where it crosses the 
equator. The first is in Aries ; the other, in Libra. By 
the precession of the equinoxes is meant, that the intersec- 
tion of the equator with the ecliptic is not always in the 
same point : — ^in other words, that the sun, in its apparent 
annual course, does not cross the equinoctial, spring and 
autumn, exactly in the same points, but every year a 
little behind those of the preceding year. 

" This annual falling back of the equinoctial points, is 
called by astronomers, with reference to the motion of the 
heavens, the Precession of the Equinoxes; but it would 
better accord with fact as well as the apprehension of the 
learner, to call it, as it is, the i^ece^^'on of the Equinoxes : 
for the equinoctial points do actually recede upon the 
ecliptic, at the rate of about dO\^^ of a degree every year. 
It is the name only, and not the position, of the equinoxes 
which remains permanent. Wherever the sun crosser 
the equinoctial in the spring, there is the vernal equinox 
and wherever he crosses it in the autumn, there is the an 
tumnal equinox ; and these points are constantly moving 
to the west. 

" The sun revolves from one equinox to the same equi- 
nox again, in 865d. 5h. 48^ 47^^.81. This constitutes 
the natural, or tropical year, because, in this period, one 
revolution of the seasons is exactly completed. But it is, 
meanwhile, to be borne in mind, that the equinox itself, 
during this period, has not kept its position among the 
stars, but has deserted its place, and fallen hack a little 
to meet the sun ; whereby the sun has arrived at the 
equinox hefore he has arrived at the same position among 
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the stars from which he departed the year before ; and 
consequently, must perform as much more than barely a 
tropical revolution, to reach that point again. 

" To pass over this interval, which completes the sun^s 
sidereal revolution, takes (20^ 22^^.94) about 22 minutes 
and 23 seconds longer. By adding 22 minutes and 23 
seconds to the time of a tropical revolution, we obtain 
365d. 6h. 9m. lOfs. for the length of a »'(/er^a^ revolution; 
or the time in which the sun revolves from one fixed star 
to the same star again. 

" As the sun describes the whole ecliptic, or 360^, ir 
a tropical year, he moves over 59^ 8^^'' of a degree every 
day, at a mean rate, which is equal to 50^^^ of a degree 
in 20 minutes and 23 seconds of time ; consequently he 
will arrive at the same equinox or solstice when he is 
60^^^'' of a degree short of the same star or fixed point in 
the heavens, from which he set out the year before. So 
that, with respecc to the fixed stars, the sun and equinoc- 
tial points fall back, as it were, 1^ in 71|^ years. This 
will make the stars appear to have gone forward 1°, with 
respect to the signs in the ecliptic, in that time : for it 
must be observed, that the same signs always keep in the 
same points of the ecliptic, without regard to the place of 
the constellations. Hence it becomes necessary to have 
new plates engraved for celestial globes and maps, at 
least once in fifty years, in order to exhibit truly the al- 
tered position of the stars. At the present rate of motion, 
the recession of the equinoxes, as it should be called, or 
the precession of the stars, amounts to 30^, or one whole 
sign, in 2140 years." 



Lesson 43« 

THB SOLSTICES. 

(Map 6.) 

The dotted line running horizontally across the map 
is the line of the solstices ; and the points where this line 
crosses the earth's orbit are called the solstitial points. 
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At the time of the autumnal equinox, September 23d, 
the sun is directly over the earth's equator, and his light 
extends to both poles, as shown on the map. From this 
time to December 21st, the sun declines south, till it is 
perpendicular over the tropic of Capricorn, (so called 
from the sign which the sun enters on that day,) wnen 
its southern declination is stayed or ceases. Hence the 
name solstice. 

From December 21st to March 20th the sun ap- 
proaches the equinox, which it reaches at the latter pe- 
riod, when he begins to decline northward, till on the 21st 
of June he reaches the tropic of Cancer. He is then at 
the summer solstice. From June 21st to September 28d 
the sun again approaches the equator or equinox, at 
which time he begins again to decline south, &c. 

This declination of the sun north and south, and his 
apparent passage through the plane of the equinoctial, 
twice a year, are caused by the inclination of the axis of 
the earth to the plane of the ecliptic, and her revolution 
around the sun. What we have here said will serve 
more fully to illustrate Lesson 25, where the obliquity 
of the ecliptic is considered. 



Lesson 43. 

THE COLiraES. 

(Map 6.) 

The Colures are two great circles crossing at the poles 
if the ecliptic, (see Lesson 24,) and passing through the 
ecliptic at right angles. One passes through the equi- 
noxes, and is thence called the Equinoctial Colure ; the 
other passes through the solstices, and is called the Solsti- 
tial Colure, They are to the heavens what four meridi- 
ans, each 90^ apart, would be to the earth. They divide 
the celestial sphere into four parts, like quartering an ap- 
ple. Two hoops of wire, crossing between the eye of the 
student and the sun, and also directly beyond the sun on 
the other side of the map, would represent the colures ; 
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provided one passed through the map at the solstitial, and 
the other at the equinoctial points. When once the place 
of the colures is clearly ascertained, they are very con- 
venient in findinjz particular stars or constellations either 
north or south of the ecliptic. 

Lesson 44. 

ELLIPTICITT OF THE PLANETs' ORBITS. 

(Map 7.) 

Thus far we have proceeded upon the supposition that 
the orhits of the planets were exact circles, and that con- 
sequently the several planets were always at the same 
distance from the sun. It is time now to state more defi- 
nitely the true figure of their orhits. 

Fig. 1 represents the earth as revolving in an ellipse^ 
at oval'SJuiped orhit. This is its true figure ; and indeed, 
to a great extent, the figure of all the planetary orhits. 
But some are more elliptical than others, and the orbits 
of the comets, as shown in Maps 2 and 5, are more ellip. 
tical than those of any of the planets. 

Not only are the orbits of the planets elliptical, but the 
sun is always found one side of the centre, or nearer one 
end of the ellipse than the other, as shown on the map. 
The point where the sun is placed is called one of the^bct 
of the ellipse. 

Lesson 45. 

PERIHELION AND APHELION. 
(Map 7.) 

When a planet or comet is in that part of its orbit near* 
est to the sun, it is said to be at its perihelion ; and when 
at the point most distant, at its aphelion. So o^the moon ; 
perigee and apogee are the points of her orbit nearest to 
and most distant from the earth. 

On the map the earth is seen at her perihelion on the 
left, and at her aphelion on the rights the two points being 
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at very unequal distances from the sun. In stating the 
distances of the solar bodies, we sometimes give their pe- 
riheUon and aphelion, as well as their mean or average 
distances ; but in Lesson 8 the mean distances only are 
given. The following table will exhibit the longitude of 
their perihelions, respectively : 



Mercury , 






. 


74° 21' W 


Venus 






t « 


128 43 53 


2:arth 








99 80 5 


Mars 




• 


1 4 


332 23 56 


Vesta 






> « 


249 33 24 


Astraea . 






1 


135 27 54 


Juno 








53 33 46 


Ceres 






1 4 


147 7 31 


Pallas 






> 4 


121 7 4 


Jupiter 






• 


11 8 35 


Saturn 






> i 


89 9 30 


Herschel 






■ 


167 31 16 


Le Verrier 


1 


» 


299 11 00 


Lesson 46. 


ECCENl 


PRICIT 


Y OF 


THE ] 


PLANETS* ORBITS. 



(Map 7.) 

The eccentricity of a planet's orbit is the distance ofiU 
centre from the centre of the sun. This will be easily un- 
derstood by observing Fig. 1, where the sun is seen in the 
left-hand focus of the ellipse, and upon the large maps, 
about two inches from its centre. * 

These two inches would, in this case, constitute the 
eccentricity of the ellipse. 

The eccentricity of the orlnts of the different planets^ 
is as follows : 

Mercury . • . 7,000,000 miles. 



Venus 
Earth 
Mars 
Vesta 



492,000 

1,618,000 

13,500,000 

21,000,000 
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Astraea .... Unknown. 


Juno 


. 64,000,000 miles. 


Ceres 


. 21,000,000 " 


Pallas . 


, . . . 64,250,000 " 


Jupiter 


. 24,000,000 " 


Saturn 


. 49,000,000 « 


Herschel 


. 85,000,000 " 


Le Verrier 


Unknown. 


From the above table it appears that the orbits of Juno 


and Pallas are the most elliptical^ while that of Venus is 


almost a circle. 


1 


Lesson 47. 



PHILOSOPHY OF THE SEASONS. 

(Map 7.) 

It has already been stated that the axis of the earth is 
inclined to the ecliptic 23° 28'. This is illustrated in 
Fig. 1 ; and also the fact that in consequence of the rev- 
olution of the earth around the sun, and the inclination of 
her axis to the plane of her orbit, her poles are alternately 
in the light six months, and in darkness six months. At 
the time of the equinoxes the light of the sun is seen to 
extend to both poles alike. On the 21st of June, the time 
of the summer solstice, the sun shines only to the soiUh 
polar circle, and 23^ 28' beyond the north pole. It is 
then summer in the northern hemisphere. At the time of 
the winter solstice this order is reversed. The sun has 
passed from over the northern tropic, across the equinoc- 
tial, to the southern tropic ; and now shines only to the 
north polar circle, and 23^ 28'' beyond the south pole. 
Thus we have the regular succession of the Seasons, 

But the map shows that we have winter in the north- 
ern hemisphere, when the earth is nearest to the sun. 
This may seem very strange to the learner, but it must 
be remembered that cold and heat in different latitudes do 
not depend so much upon the distance of the earth from 
the sun. as UDon the manner in which the sun's rays 
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MfSfeher surface. Those parts of the earth upon whi^ 
II perpendicularly, are always warm- 
ortions upon which hia beams fall 
larativel}' cold. It is easy to see, 
1 the north pole b turned from the 
December, and the raya of light fall 
irthern hemisphere, it will be cold, 
irth may be at her perihelion. But 
le is turned tmoardi the sun, on the 
ht falls more directly upon the north- 
1 we have our summer, though the 
ion. 

' the eccentricity of the earth's orbit 
re is, that she has probably a greater 
ring summer in the southern hem- 
iqtera, when the earth is at her perihelioD, than we 
oyer have at the north in the same latitude. But this 
iiBerence must be very slight, if indeed it is at all per- 
Mitibte. 

jRie subject of this lesson will be again alluded to 
wbra we come to consider the seasons of the othei 
(lanets. 

Lesson 48. 

THE sun's SECLlNATIOn. 

(Map 7.) 

Hie apparent distance of the sun north or south of the 
abator ia called its declination. 

From the 20th of March to the 23d of September, he 
hu Northern declination ; and the rest of the year South- 
ern decHnatioTi. His declination is nothing at the time of 
the equinoxes ; but from that time it increases till the 
time of the solstices, when it amounts to 23Jo. From 
the time of the solstices the sun gradually returns again 
towards the equator, and iiis declination constantly de- 
creases till he passes the equinoctial, when it again be- 
fffOB to increase, though in another direction. 

The subject of this lesson is illustrated by Fign. 3 and 3. 
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Fig. 2 shows the position of the sun at the time of the 
equinoxes and solstices ; the manner in which his light 
strikes the earth at these times; the zones of the earth; 
the extent of the sun's declination, &c. 

Fig. 3 is still more full and explicit. In addition to 
what is contained in Fig. 2, it shows the place or decli- 
nation of the sun for every month in the year, and the 
manner in which his heams strike the middle of hoth the 
temperate zones during every successive month. Take, 
for instance, the north temperate zone, at the 45th degree 
of latitude. On the 21st of December, when the sun has 
the greatest southern declination, and, as shown in Fig. 2, 
shines vertically on the tropic of Capricorn, he would 
seem to be quite low down in the south, even at noon ; 
and his rays would strike the north temperate zone quite 
obliquely, as shown in the figures. From December 
21st to June 21st the sun advances towards the north, 
and the obliquity of his rays constantly diminishes. On 
the 21st of June the light falls quite obliquely on the 
southern hemisphere, where it is then winter. The two 
lines running off from the earth's surface to the letter Z, 
are designed to show the perpendicular and zenith of the 
45th degree of latitude ; and also how much the sun 
lacks of being directly overhead at these points, at the 
time of the solstices. 

It will be easy to see from these figures that declination 
IS to the heavens what latitude is to the earth. They may 
De used, also, to show the use of a quadrant, and the 
manner of determining latitude by the sun's meridian 
altitude, and his declination. 



Lesson 49. 

BIGHT ilSCENSION. 

(Map 6.) 

Right Ascension is distance east of the vernal equinoXi 
measured on the equinoctial , 

In Lessons 33 and 34, it was shown that celestial lati 
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tude and longitude answered to terrestrial, except that in 
the former case we reckoned from and on the ecliptic^ in. 
stead of the equinoctial. 

On the other hand, declination and right ascension re- 
fer directly to the equinoctial ; and consequently answer 
to longitude and latitude on the earth. 

The learner may here start the inquiry, Why were not 
declination and right ascension called celestial latitude 
and longitude, seeing that they refer to the celestial equa- 
tor, instead of measurements from and on the ecliptic ? 
Such a question is not easily answered. This interchange 
of terms, as it may be called, is rather unfavorable to a 
ready and clear understanding of these topics. Even at 
this late period it might be a service to the science in the 
end, to call declination celestial latitude, and right ascen- 
sion celestial longitude. 

Right ascension is reckoned around on the equinoctial 
to 360®, answering to 360° of celestial longitude, only 
that one is reckoned on the equinoctial, and the other on 
the ecUptic, 



Lesson SO. 

INCLINATION OF THE AXES OF THE PLANETS TO THB 
FLANE OF THEIR RESPECTIVE ORBITS. 

(Map 8.) 

That the pupil may fully understand this lesson, it may 
be well to recapitulate some things already learned. 

1st. The Ecliptic is described Lesson 23. 

2d. The Orbits of the planets are described Lessons 4, 
43, and 45. 

3d. The inclination of the orbits to the plane of the 
ecUpUc is the subject of Lesson 32. 

We now call attention to the inclination of the axes of 
the several planets to the plane of their orbits. 

This. is a lesson of great interest and importance ; and 
although so far as the earth is concerned it has already 
been anticipated, in our remarks on the seasons, declina- 
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tion, &c., Still it opens a rich field of inquiry before the 
student, and should receive a good degree of attention. 

On the map the dotted horizontal lines represent por- 
tions of the orbits of the planets, with the exception of the 
sun, in which case they represent the plane of the ecHptic* 
The axis of each planet is seen inclined to the plane of its 
orbit at its true angle. The equators are shown by the 
double lines crossing the axes at right angles. The zones 
are distinguished by curved boundary lines, and by the 
different colors — ^the torrid zones being red, the temperate 
green, and the frigid wMte. 

It will readily be seen that the extent of the torrid zone 
of a planet depends altogether upon the amount of its 
polar inclination. If its axis be much inclined, as in the 
case of Venus, it will have a wide torrid zone ; but if its 
axis is but little inclined, like that of Jupiter, it will have 
a narrow torrid zone. 

The sun's declination north and south of the equator 
of each planet must be just equal to its polar inclination ; 
and as its torrid zone includes both its northern and 
southern declination, it follows that it must be twice as 
wide as the amount of its polar inclination. 

These principles will be more clearly seen by the fol- 
lowing table, in which the polar inclination, greatest de- 
clination, and width of torrid zone, are compared : 





Inc. of axis. 


Decrination. 


Torrid zone. 


Venus . . 


. 750 OCK 


75° 00^ 


160° GO' 


Earth . . 


. 23 28 


23 28 


46 56 


Mars • . 


. 28 40 


28 40 


57 20 


Jupiter . . 


. 3 5 


3 5 


6 10 


Saturn • • 


• 30 00 


30 00 


60 00 


The Sun . 


. 7 20 







Only the first part of this table need be committed to 
memory ; but the whole should be studied and compared 
with the map until its principles are fully understood. 

Of Mercury, the Asteroids, Herschel, and Le Verrier, 
nothing definite is known respecting their polar inclina- 
tion ; consequently we have no knowledge of the ezt^Bl 
of their zones, or the character of their seasons. 
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circles. Her periodic time being only 225 days, (Lesson 
18,) the sun passes in that short time from her northern 
solstice through her equinox to her southern solstice, and 
back to the point from which he started. So great is the 
sun's declination on Venus, that when he is over one of 
her tropics, it is winter not only at the other tropic, but 
also at her equator ; and as the sun passes over from 
tropic to tropic, and back again every 225 days, making 
spring a^ the equator as he approaches it, summer as he 
passes over i{^ ^autumn as he declines from it, and winter 
when he reaches the tropic ; it follows that at her equator 
Venus has eight seasons in one of her years ; or in 225 of 
our days. Her seasons, therefore, at her equator, consist 
of only about four weeks of our time, or 2SJ- days ; and 
from the heat of summer to the cold of winter can be only 
about 56 days. At her tropics she has only four seasons 
of 56 days each. 

At first view it might appear to the reaS^r that such 
an arrangement must be fatal to all vegetable life, espe- 
cially at Venus's equator ; but it should be remembered 
that He who inclined the axis of Venus to her orbit, and 
prescribed her periodic time, could as easily clothe her 
with vegetation of a month's growth, as with that requir- 
ing the lifetime of the oak or the cypress to bring it to 
perfection. 

Lesson 53. 

SEASONS OF MARS. 

(Map 80 . 

The polar inclination and zones of Mars are very 
similar to those of the earth ; but owing to the diiference 
of his periodic timet, his seasons are very different from 
ours. His year of 687 days is divided into four seasons 
of about 172 days each, or nearly twice the length of the 
seasons of the earth. 

His polar inclination is 5° 12' greater than that of the 
earth; making his torrid zone wider, and his polar 
circles greater than ours ; while his temperate zones are 
somewhat narrower. 
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Lesson 54# 

SEASONS OF JUPITER. 

(Map 8.) 

So slight is the inclination of Jupiter's axis to his 
orbit, that it affords him but a very narrow torrid zone. 
The inclination of his orbit to the ecliptic is but l^ 15^, 
and his axis is inclined to his orbit but 3^ 5^ ; so that his 
axis is nearly perpendicular to the ecliptic. The sun 
never departs more than 3^ 6^ from his equator, and still, 
as his periodic time is about 12 years, (Lesson 18,) he 
has alternately six years of northern and six of southern 
declination. His narrow torrid zone and small polar 
circles leave very extensive temperate zones. In pass- 
ing fi^^gj^ jhis equator to his poles, we meet every variety 
\ -of climate, from the warmest to the coldest, with but 
slight variations in any latitude, from age to age. His 
days and nights are always nearly of the same length, as 
the sun is always near his equinoctial. His poles have, 
alternately, six years day and six years night. 

In connection with the above facts, it may be well to 
associate the amount of light received by this planet ; his 
magnitude ; his ohlate figure ; his rapid rotation upon his 
axis ; and his distance from the sun. The student can- 
not too often call up the facts already learned, as he ad- 
vances from lesson to lesson. In this way he will soon 
be able to state the most interesting particulars respecting 
each of the solar bodies. 

Lesson 55. 

SEASONS OF SATURN. 

(Map 8.) 

The polar inclination and zones of Saturn differ but 
little from those of Mars; but his seasons are greatly 
modified by the length of his periodic time. This being 
about 30 years, his four seasons must each be about 7^ 
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years long ; and his polar regions must have, altematelyi 
15 years day, and 15 years night. 

The Rings of Saturn which lie in the plane of his 
equator, and revolve every lOj hours, are crossed by the 
sun when he crosses the equinoctial of the planet 
During the southern declination of the sun, which lasts 
fifteen years, the south side of the rings is enlightened, 
and has its summer. It has also its day and night, by 
revolving in a portion of the planet's shadow. 

When the sun is at the southern tropic, it is midsum- 
mer on the south side of the rings ; as the rays of light 
then fall most directly upon them. As the sun ap. 
preaches the equator, the temperature decreases, till he 
crosses the equinoctial, and the long winter of fifteen 
years begins. At the same time the north side of the 
rings begins to have its spring ; summer ensues, and in 
turn it has fifteen years of light and heat. 

The Rings of Saturn will be turned directly towards 
the earth, about the middle of September, 1849; at 
which time the light of the sun will extend to both poles 
of the planet. Of course Saturn is then at one of his 
equinoxes. Seven and a half years after, he will reach one 
of his solstices — his rings, as seen, will appear fully ex- 
panded from the earth, — the sun will have his greatest pos- 
sible declination from Saturn's equinoctial, and it will be 
winter at one of his poles, and summer at the other. 
In seven and a half years longer, he will reach his other 
equinoctial point, and his rings will be invisible again. 
Saturn's Rings will be invisible from the 22d of April, 
1848, until January 19th, 1849; excepting that they 
may be seen from the 3d to the 12th of September, 1848. 

Of the seasons of Saturn, and the structure, dimen- 
sions, and uses of his wonderful rings, we shall remark 
further hereafter in a distinct lesson, in connection with 
Map 11. 

From Map 8 and the foregoing remarks, it must bis 
obvious to the learner that cold and heat, winter and sum- 
mer, "seed-time and harvest," are not peculiar to our 
globe, but are characteristic of every world with which 
we are to any considerable extent acquainted. 
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Less<Hi 50, 

- ■ CONHTNCTIONS AND OPPOSITION OF PLANETS. 

(Map 9.) 

• When any two or more of the solar bodies are found 
Al A$ 9ame longitude, they are said to be in conjunction. 
V^*'X represents the Sun in the centre, and Venus, the 
Bftftt^ and Mars, at diflferent points in their orbits. If 
An Barth was at D, and Venus at I or S, she would be 
Ih ^Ipsij unction with the Sun, both appearing to be at a 
pibt- between ^ and U, or according to Map 6, in the 
Q|Si degree of longitude. 

. ^Slm interior planets have two conjunctions ; the infe* 
libr conjunction, when between the earth and the sun, as 
(iii-^ and the superior conjunction, when beyond the sun, 
f|*St S. At the superior conjunction the enlightened 

tsof the planet is towards the earth; and at her infe- 
I the dark side, 
i- "Wlien at her superior conjunction, Venus is 154 mil- 
Boos of miles from the earth, but when at her inferior 
M^junction, she b only 26 millions of miles distant. The 
ieaaoD for this great difference will be seen by a glance 
i[t the map ; which shows her the whole diameter of her 
%/biX farther off when at S than at I. 
V. The exterior planets have a superior conjunction, as 
^H^ars at N ; but they can never get between the earth 
lira the sun to form an inferior conjunction. When, 
ll^^fore, 'a planet gets in the same longitude as the 
liifflh, like Mars at F, it is said to be in opposition, 

* A planet in conjunction rises and sets nearly with the 
sua ; but one in opposition rises when he sets, and sets 
irii^.he rises. 

. The position of planets with respect to each other is 
sometimes represented by an astronomical sign. Thus 6 
4»notes conjunction, and 8 opposition. 

Lesson 32 shows the orbit of Venus to be inclined to 
that of the earth at an angle of 3^^ ; hence as one half 
of her orbit is abov6 the ecliptic, and the other half below. 
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she will always appear either above or below the sun 

when in conjunction, except when she is at one of her 

'nodes; in which case she will appear to pass over the 

sun's disc, as represented in the figure. See Lesson Si* 



Lesson S7. 

SIDEREAL AND STNODIC REVOLimONS. 

(Map 9.) 

The sidereal or periodic revolution of a planet is its 
passage from any particular point in its orbit, around to 
the same point again. 

A synodic revolution is one extending from either an 
inferior or superior conjunction to the same conjunction 
again. It is therefore considerably more than one com- 
plete revolution around the sim. 

For example : were the earth stationary at D, the su- 
perior conjunction of Venus would happen 112^ days af- 
ter her inferior conjunction ; or in just half her periodic 
time ; but as both are in motion in the same direction, one 
revolving in 365 days, and the other in 225, it is obvious 
that when Venus reaches the point I, the earth will be 
far behind ; and when the earth reaches D, Venus will 
have advanced to M in her second round ; and will then 
have to overtake the earth before an inferior conjunction 
can be effected. This will occur when the earth reaches 
the point L in her second round. 

From one inferior conjunction to another is 594 days ; 
requiring about 2f revolutions of Venus, and nearly IJ 
revolutions of the earth. 

The periodic times of the planets were given in Lies- 
flon 18 ; but for the sake of a better understanding of the 
subject, the sidereal and synodic periods will here be 
given in connection. They are as follows : 

SidereaL Synodic. 

Mercury ... 88 days. - 115 days* 
Venus . - . 225 " - 594 « 

Earth - . . 865 << . 865 ** 
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Mars - 
Vesta - 
Astrsa 
Juoo - 
Ceres - 
Pallas. 
Jupiter 
Saturn 
Herschel 
Le Verrier 

This is an 



SidereaL 

1 year — 322 days. 

3 " 230 " 

4 " 105 " 
131 " 
222 " 
222 " 
317 " 
175 « 

119 " 



4 « 

4 " 

4 " 

11 " 

29 « 

84 « 

217 « 



Synodic. 




780 days. 


- 503 




- 476 




. 474 




. 466 




. 466 




. 899 




. 378 




. 369) 




. 3661 





interesting table, and may be studied for 
some time by the more advanced student to great advan- 
tage. He may imagine Mercury hurrying round to his 
starting-point in 88 days, and in 27 more overtaking the 
earth, even before she has performed one-third of her an- 
nual journey. 

The periodic time of Mars being nearly double that of 
the earth, his synodic period is but little over two years. 
By subtracting the earth's period from the synodic period 
of the rest of the planets, the remainder will show how 
long the earth is in overtaking the exterior planets re- 
spectively, after she has completed one revolution. Thus, 
the synodic time of Vesta is 503 days. In 365 days the 
earth completes one revolution, and reaches the point from 
which she set out. Vesta is then 365 days ahead of the 
earth, but moving at a four years' pace ; so that in 138 
days the earth overtakes her, and they are again in con- 
junction. In the case of Jupiter, Saturn, dec, it re- 
quires still less time. Their periods are long, and they 
move slowly in longitude ; so that when the earth has 
completed a period, they are but a short distance in ad- 
vance, or to the east of her, and she soon overtakes them. 
By subtracting, it will be seen that the time required is, 
for Jupiter, 34 days ; for Saturn, 13 days ; for Hersche^ 
4^ days; and for Le Verrier only 1| days. Map 2 
might be serviceable in illustrating this subject, so far as 
relates to the exterior planets. 

The learner must not forget that the exterior planets 
have but one conjunction, while the interior have two; 
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and that in the preceding table the time is given from one 
conjunction to another of the same kind. The opposite 
conjunction occurs in just half the synodic period. 

Lesson 58« 

ELONGATIONS OF A PLANET. 
(Map 9.) 

The elongation of an interior planet is its angular dis- 
tance east or west of the sun, according as it Allows or 
precedes him. The greatest elongation of Venus is 48^, 
and that of Mercury only 29°. 

But these alternate elongations east and west are not 
always the same. Those of Mercury vary from 16° 12^ 
to 28° 48'' ; while those of Venus vary much less. E 
and W, on the map, mark the positions of Venus at the 
time of her greatest elongation. 

From the above facts several other important conclusions 
are deduced. The first is, that the orbits of Mercury and 
Venus are tcithin that of the earth. If it were not so, 
they would depart farther from the sun, and sometimes 
appear in opposition to that luminary. In the seoond 
place, they show that the orbit of Mercury is within that 
of Venus; otherwise his elongation would equal or ex- 
ceed that of Venus. Thirdly, they show the ellipticity 
of the orbits of Mercury and Venus. If their orbits were 
complete circles, their greatest elongation would always 
be the same ; but as it varies, it proves that they are not 
always at the same actual distance from the sun, or, in 
other words, that their orbits are more or less elliptical. 

Lesson S9. 

WHEN PLANETS ARE SAID TO BE STATIONARY. 

(Map 9.) 

Fof a short time, while at or near their greatest eloo- 
gatioui the interior planets seem neither to recede fronoi 
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Bor approach towards, the sun. They are then said to 
be stationary. These periods are just before and just after 
an inferior conjunction. They are represented in Fig. 1 
at E and W. At £ the planet would be coming towardt 
the earthy and at W going from it. 

Lesson 60« 

DIRECT AND RETROGRADE MOTIONS. 

(Map 9.) 

It was stated in Lesson 18, that the planets revolved ia 
their orbits from west to east, or in the order of the signs. 
But they do not always appear to maintain this order. 
At times they advance regularly through the signs, and 
again retrace their course. Hence the distinction of di- 
rect Siud retrograde motions. Direct motion is from west 
to east ; retrograde is from east to west.** 

The general course of the planets is eastward, their 
retrogression being but for a short time, when the direct 
course is again resumed. 

The cause of this seeming irregularity will appeal by 

again consulting Fig. 1. The signs will be seen marked 

T, b, n, dz;c., on the right and lefl sides of the map, and 

may be imagined around the whole figure. When Venus 

is at W, she would seem, to an observer on the earth, to 

in ^, in the signs of the upper figure. As she passed 

in the direction of the arrows, from W to E, her motion 

ould be direct, and she would seem to pass through 

', b, n, fo, and into £i ; but in passing from E to W 

he would seem to fall back through S, 11, dec. These 

re her direct and retrograde motions. 

But the amount of apparent retrogression is greatly 
1 educed by the motion of the earth in the same direction ; 
as for instance, if the earth advances only from D to the 
lower hand {OCT') during a revolution of Venus, she would 
not retrograde beyond the beginning of 2d. 

The above principles are as applicable to Mercury as 
to Venus. 

7 
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Lesson 61# 

RETROGRADE MOTIONS OF THE EXTERIOR PLANETS. 

(Map 9.) 

The apparent retrogression of the exterior planets is 
etfeeted in a manner somewhat different from that of the 
interior planets. 

Suppose the earth at A, and Mars at B ; he would be 
seen among the stars at C. As the earth gains upon 
Mars, and reaches the point D, Mars, being at F, would be 
seen at G, or west of where he was first seen. When 
the earth reaches H, and Mars is only at J, he will be 
seen at K ; or some 15^ back, or west, of his first appa. 
rent position. 

The part of the great circle of the heavens through 
which a planet see^iis to retrograde, is called its arc of 
retrogradation. In the figure it is the arc of the circle 
between C and K. 

The following table will show the arc. of retrograde 
motion, and also the time of retrogression in days : — 

Mercury 

Venus 

Earth 

Mars 

Vesta 

Astraea 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Herschel 

Le Verrier 

Here it may be interesting to observe, that the mow 
distant the exterior planet the less its nrc of retrograda- 
tion, and the longer its Ume. The reason for this may be 
illustrated by the map, Fig. 1. Suppose Mars at F to 
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Days. 


13JO 


23 


16 


42 


16 


73 


13 


83 


12 


99 


12 


99 


12 


99 


12 


99 


10 


121 


6 


139 


4 


151 


1 


180 
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represent Herschel. Now as his year consists of eighty- 
four of our years, it follows that the earth would pass him 
eighty-three times during one of his revolutions ; and that 
during a revolution of the earth he would pass through 
onJy j^yth part of his orbit ; or about &Jo. The planet 
F would thence seem to retrograde slowly on the ecliptic 
nearly half the year ; or while the earth was passing from 
A to H on the map. 

For the same reasons the arc would be still less, and 
the time of retrogression still longer in the case of Le 
Verrier. The more distant the planet is from the earth's 
orbit, the smaller the angle which will be necessary to 
include that orbit ; and the less the arc of retrogradation 
described by the planet on the concave of the heavens. 

Lesson 63. 

YBNVS AS MORNING AND EVENING STAB. 

(Map 9.) 

" Next Mercury, Venus runs her larger round, 
With softer beams and milder glory crowned ; 
Friend to mankind, she glitters from eifar, 
Now the bright eveningf now the morning star. 
From realms remote she darts her pleasing ray» 
Now leading on, now closing up the day ; 
Term'd Phosphor when her morning beams she yieldfy 
And Hesp*ru8 when her ray the evening gilds." 

It has been seen that in making her revolutions, Venus 
is sometimes East and sometimes West of the sun. From 
her inferior to her superior conjunction she is west of the 
sun; and from her superior to her inferior conjunction 
east of him. Now it is obvious that when she is west of 
the sun she will go down before him, and cannot be seen 
in the west after sunset ; but if she sets before the sun 
she will rise before him, and can be seen in the east be- 
fore sunrise. When, therefore, Venus is west of the sun 
she is morning star. When she is east of the sun she 
rises afler the sun, and may be seen above the horizon in 
the west, after the sun is set. She is then evening star. 
The ancients supposed these were two different stars. 
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calling the first Phosphor, and the other Hesperus. Yenos 
is alternately one or the other about 292 days. For 146 
days afler her superior conjunction she lingers farther and 
farther behind the sun, in the west, till she reaches her 
greatest eastern elongation. She then seems to approach 
uie sun again for 146 days, when she passes her inferior 
conjunction, and becomes morning star. Afler this she 
rises more and more in advance or the sun for 146 days, 
when, having reached her greatest western elongation, she 
begins to fall back again towards the sun, and ia 146 
days is at her superior conjunction. This passed, she is 
agEun evening .star. 

Fig. 2 is designed fully to illustrate all that may yM 
seem obscure to the learner. From W to E will repre- 
sent her direct motion, in the order of the signs. From 
E around to W again shows her retrograde motion. S 
and I mark her superior and inferior conjunctions ; and 
the appearance of a transit is represented on the sun's 
disc. 

By imagining the sun and Venus as represented in the 
figure, to rise in the east and pass over to the west, the 
student will see that if Venus were at W she would he 
morning star, and at her greatest elongation ; but if at E 
she would be evening star, dz;c. It would be a useful 
exercise to observe the exact position of Venus in the 
heavens, at the time of studying these lessons, and then . 
point out that position on the map. 

Lesson 63. 

PHASES OF BfEBCURT AND VENUS. 

(Map 9.) 

As Mercury and Venus are opaque bodies, like our 
earth, only those portions of their surface appearing 
bright which are enlightened by the sun ; and as their 
enlightened sides are turned towards us, little by little, 
they present, when seen through a telescope, all the dii^ 
ferent appearances or phases of the moon. 
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Jf^ 2 represents Venus in her orbit, and exhibiting 
^heir different phases, in the course of her revolution. 
Iter inferior conjunction, her dark side is towards 
ttnd her enlightened side invisible. As she passes 
I to W, and sp on round to S, we see more and 
more of her enlightened side, till her whole illuminated 
disc is in view. From her superior to her inferior con- 
junction she continues to wane, till her dark side is again 
turned directly towards the earth. 

Although when at S, her whole enlightened hemi- 
sphere is towards the earth, still she is less brilliant than 
when at E and W ; owing to her increased distance 
from us, and her being, apparently, in the neighborhood 
of the sun. 

It will be seen that Venus is the whole diameter of 
her orbit nearer to us, at her inferior conjunction, than 
^ ha^^perior ; and as hei* mean distance from the sun 
il B^ffilW^ns of miles, her distance from the earth must 
Tary to the extent of twice that amount, or the whole 
^ameter of her orbit, which is 138 millions of miles. It 
not strange, theitfore, that her apparent magnitude 
* ^rgoes sensible variations between her conjiinotions. 




Lesson 64« 

TELESCOPIC VIEWS OF THE PLANETS* 

in. (Map 10.) 

Although in the preceding lessons we have frequently 

ed to the appearance of some of the planets, when 

through a telescope, it is thought important to de- 

Pibe those appearances more in detail ; "and to illustrate 

descriptions by appropriate engravings. This is the 

of Map 10. 

fore any particular planet is noticed, it may be well 

state a few general facts respecting these primary 

ies. 

1 . They all have the same general fgure, namely, 
that of spheres or spheroids. 

7* 
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3. They all seem to be surrounded by an atmosphere^ 
of greater or less density and extent. 

3. The spots or belts seen upon their surfaces from 
time to time, by different observers, seem to be in the 
main permanent, and indicative of large divisions of land 
and water, like our continents and seas. 

With these preliminaries, they will now be taken up 
and considered in order. 

MERCXTRT. 

" Of Mercury," says Dr. Herschel, " we can see 
little more than that it is round, and exhibits phases. It 
is too small, and too much lost in the neighborhood of the 
sun, to allow us to make out more of its character." But 
this is not the opinion of every observer. Mr. Schroeter, 
an eminent German astronomer, assures us that he has 
not only seen spots on the surface of Mercury, bi^ also 
mountairkSr the height of two of which he actuall^M^eas- 
ured. They were situated in the southern hemisphere 
of the planet, and the highest was found to be nearly 
eleven miles in height. 

Numbers 1 and 2 on the map, are representations of 
Mercury. The spots supposed to have been seen by 
Schroeter, are represented on his disc, and he has a faint 
bluish tint as when seen through a telescope. As else- 
where stated, he exhibits the diflferent phases of the moon 
during his synodic journey around the sun. 

VBNTTS. 

The figures from 8 to 12 inclusive, are telescopic 
views of Venus. As a whole they represent her various 
phases, as already explained in Lesson 63 ; and il- 
lustrated by the lower figures of Map 9. Figures 3, 4, 
11, and 12, show her horned, as when near her inferior 
conjunction. Figures 5 and 10 show her as she appears 
when at her greatest elongation ; 6 and 9 as gibbous, 
between her greatest elongation and superior conjunc- 
tion ; and 7 and 8 as she appears at her superior conjunc- 
tion. 

These ten views present a great variety, as it respects 
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the sp(^ that appear upon the surface of the planet. 
They seem not only to vary in form, but also in their 
nturier. It may be proper, therefore, to state that these 
views were not all had by the same person, nor during 
the same period of time. 

Fig. 3 is a view by Schroeter, in 1791. 
Fig. 4 " Bianchim, in 1726. 

Fig. -5 « Cassird, in 1667. 

Fig. 6 " " in 1666. 

Figures 7 and 8 represent the face of the planet, as it 
is supposed she would have appeared, at the time of 
some of the othef views, had her whole hemisphere been 
enlightened. It will be seen that each of these figures 
combine two other views. 

Fig. 9 is a view by Schroeter, in 1790. 

Figi 10 is a view often had by the celebrated Dr. Dick. 

Figures 11 and 12 are repetitions of former views, with 
the crescent inverted, in order to illustrate the subject of 
Venus's phases. 

The surface of Venus is variegated with mountains^ 
some of which are estimated to be over twenty miles in 
height. Three elevations have been estimated at lOf, 
ll£, and 19 miles, respectively. 

The atmosphere of Venus is supposed to surround her 
to the depth of only about three miles ; but it is supposed 
to be very dense. 

The color of Venus b a silvery tohite. When at her 
greatest elongation, she is sufficiently bright to cause a 
perceptible shadow if her light is intercepted. 

\ THE EARTH. 

That the learner may know the grounds of the infer- 
ences drawn from the telescopic appearances of the plan- 
ets, in regard to their geography, or their great natural 
divisions, as continents, seas, &q., we present him at 
No. 13 with a telescopic view of the Earth. Let him 
imagine himself placed upon Mercury, for instance, with 
a good telescope, observing our planet. At the time of 
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her opposition she would appear yUZ? from Mercury. The 
continents and islands would appear brighter than the 
rest of her disc ; as they would reflect a stronger light 
than oceans, seas, and lakes. By watching these spots 
they would be found to cross the earth's disc in 12 hoursi 
from which the observer would infer that our globe re- 
volved on her axis in 24 hours ; and from the direction of 
the spots he would deduce the inclination of her axis to 
the plane of her orbit. 

From the passage of clouds over her sur&ce, and other 
phenomena, it would be inferred that the earth had an 
atmosphere, and the different zones, and the changes of 
the seasons, might present a variety of colors to the celes- 
tial observer. 

To a person on one of the exterior planets, the earth 
would present all the phases of the moon. 

The study of geography has no doubt made the learner 
familiar with the %ures of the continents, islands, &c., 
upon the earth's surface ; but if he can divest himself 
for a moment of all particular knowledge of our globe, and 
contemplate her from a distance, as a planet, with what new 
and surprising interest does it invest her ! She not only 
becomes one of a class, from which we may reason analo- 
gically respecting the physical constitutions and desifi;n 
of other worlds ; but while we look with wonder upon the 
planetary orbs, and long to know more of their physical 
structure, we look upon the earth as the only orb which 
toe are allowed to visit, and with whose history and peca- 
liarities we may now become acquainted. And as the 
student surveys the whole Western hemisphere, let him 
inquire, " What is man .'" What is a city, an empire, or 
a world, in the great universe of the Almighty ? 

MARS. 

The figures from 14 to 23 inclusive are representations 
of Mars. The first two, namely 14 and 15, are views by 
Cassini, as long ago as 1610. They are copied from a 
volume of the Transactions of the Royal Society of Lon- 
don. Figures 16 and 17 represent views had by Maraldi, 
a celebrated French astronomer, in 1704. Figures 18 
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and 19 represent the appearance of the spots on Mars^ as 
seen by Dr. Hook in 1666, from a drawing made at the 
lime by him. Figures 20 and 21 represent views by Sir 
William Herschel, previous to 1784. Fig. 22 is a view 
by Sir John Herschel, as cc^ied by Nichol in his " Solar 
l^§tem," and by several other astronomical writers. 
Fig. 23 is a view by Dr. Dick, in 1832, and also in 1837. 
It is copied, as several of the above are, from his '' Celea> 
tial Scenery." 

It may seem impossible to the learner that all thia 
variety in appearance could be produced by permanent 
objects on th^ surface of the planets; but let him remem- 
ber that the map of Mars, which he is studying, is drawn 
upon a sphere ; and that the revolutions of a planet would 
necessarily produce a constant change, not only in the 
general appearance, but also in the apparent form of the 
spots. 

The bright spot on the upper end of Fig. 22, at the 
planet's north pole, is supposed to be the reflection of' light 
from ^71021^ and ice. This supposition is rendered probable 
by the fact that the spot disappears as the north pole of 
the planet is turned towards the sun, and returns again 
with the departure of the direct rays of the sun, and the 
return of winter. 

The surface of Mars is variegated with oceans, seas^ 
and continents, with mountains and vales, like all the 
rest of the planetary bodies. " On this planet," says Dr. 
Herschel, " we discern, with perfect diltinctness, the out- 
lines of what may be continents and seas." The cele- 
brated Midler, of Berlin, constructed a complete map of 
the surface of Mars, with accurate delineations of its great 
natural divisions, as one would draw an outline map of 
the world from an artificial globe. 

The color of Mars is red, owing, it is supposed, to the 
density of his atmosphere, which may color the whole 
scene, as clouds put on a gorgeous crimson in the mom^. 
ing or evening sky. This color is not merely telescopic: 
it is the natural color of the planet as seen by the naked 
eye ; and by it he may easily be distinguished from the 
^frEed stars. 
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THE ASTEROIDS. 

Of the Asteroids very little is known, on account <rf 
their distance and their diminutive size. A thin haze, or 
nebulous envelope, has been observed around Pallas, sup. 
posed to indicate an extensive atmosphere ; but no spots 
or other phenomena have ever been detected. It is hoped 
that if ever Lord Rosse returns from examining the dis- 
tant nebulee, he will give us some new light respecting 
the bodies of the Solar System. 

The Asteroids are never visible to the naked eye. 
Through a telescope they have a pale ash color, with th« 
exception of Ceres, which in color resembles Mars. 

JUPITEK. 

Fig. 24 is a representation of Jupiter , — ^the prince of 
planets. His natural color is a palish yellow. His heUs 
are seen where they are usually found, namely, on each 
side of his equator, or in his temperate zones. The map 
shows his oblate form, or the difierence between his polar 
and equatorial diameter. 

What the belts of Jupiter are is uncertain. "They 
are generally supposed to be nothing more than atmo* 
spherical phenomena, resulting from, or combined with, the 
rapid motion of the planet upon its axis." In number they 
vary from one to eight. Sometimes they continue with- 
out change for months, and at other times break up and 
change their forms in a few hours. Dark spots are also 
frequently seen in these belts, one of which was known 
to maintain the same position for upwards of forty years. 



Lesson 65. 

TELESCOPIC VIEWS OF SATURN, 

(Maps 10 and 11.) 

Fig. 25, Map 10, is a telescopic view of Saturn with 
his belts and rings. The belts resemble those of Jupiter, 
already described. His rings will be noticed in connec- 
tion with Map 11, to which the student is referred. The 
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iiO^'df Saturn is of a lead color — ^the rings a silvery 



Before the invention of the Telescope, Saturn was 
kaown only as a distant planet, devoid of that special in- 
iBrest with which modem discoveries have invested him. 
JSot since the powers of that wonderful instrument have 
^een brought to bear upon him, he has assumed new and 
iHeplendent glories, and now stands forth to view as one 
4f the most interesting objects in the gorgeous heavens. 

Though we have no room in this treatise to describe 
Ihe difierent kinds of telescopes, or to detail their history, 
we propose, nevertheless, to give some idea of their improve^ 
Menf, by tracing the successive steps by which we have 
•mved at our present knowledge of the planet Saturn. 

The figures arranged across the top of Map 11 are 
JMpresentations of a variety of telescopic views of Saturn, 
Ijr different observers, during a period of 45 years ; or 
Jfem 1610 to 1655. The variety in these appearances is 
lipobably owing more to the various qualities of the tele- 
ieopes used, and their general imperfection at that early 
period, than to any other cause. 

Fig. 1 is a view, had by Galileo, the inventor of the 
Mescope, in the year 1610. He supposed there were two 
P^e satellites at equal distances from the body of Saturn. 
'\ ^^* ^ represents him as he appeared to Scheiner in 1614. 
..'- Fig. 3 is a view by RiccioU, in 1640. With the excep- 
tion of the convexity towards the body of Saturn, the figure 
ta pretty correct one so far as the rings were traceable. 
Fig* 4 represents Saturn as he appeared to HelveUtts 

.Kg. 5 is another view by Helvetius, in 1649. The 
^bM were now traced much farther than ever before, and 
Hpiir existence as rings was considered highly probable. 
^ Fig. 6 is a third, and still better view, by the same ob- 

Srver, in 1650. 
Fig. 7 represents a fourth view by Helvetius, in 1650. 
i^Fig. 8 is a most accurate and enchanting view had by 
ISocioli in 1651. It shows the rings of Saturn as they 
*me oflen seen in our own times, through telescopes of 
moderate power. The remaining four representations, 
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as they occur on the map, were all had in 1655 : the first 
by Fantani ; the second by Divitd ; the third by BicdoU; 
and the fourth by Gassendus, 

The real appearance of Saturn, as seen through a 
common and cheap telescope, is well represented at A or 
B, immediately under the above views, with the exception 
of the opening between the rings. We have often seen 
nim as here represented,— and with the belts across his 
disc as shown in Map 10, — and that, too, with an ordinary 
refracting telescope ; but in earlier periods in the history 
of the science, such views were denied even to the most 
wealthy, devoted, and profound astronomers. 

But this wonderful planet does not present the same 
appearance at all times, even with the aid of the best 
glasses. Indeed, the better the instrument the more 
perceptible his variations. In the course of 30^ years, 
the time of his periodic revolution, he presents all the 
different phases shown at Fig. 3, f^om A to H. At one 
time the rings are entirely invisibly, except as a dark 
stripe across the body of the planet, as seen 8U A. About 
3f years afterwards the rings appear slightly opened, as 
at B ; and in 3|- years more they appear as ^t C, &c. 

These different phases are all accounted for by Fig. 2. 
Here the sun is seen in his place in the centre, and the 
earth and Saturn in their orbits, as they may be supposed 
to appear to a beholder at a distance, and elevated some- 
what above the plane of the ecliptic. This diagram may 
be used to illustrate a variety of principles. 

1. It shows how the axis of Saturn (as well as that of 
the earth, &c.) preserves its parallelism in all parts of its 
orbit, and from age to age. 

2. It illustrates the subject of his season^, as partially 
explained in Lesson 55 ; and shows how the sun must 
shine on one side of his rings 15 years, and on the other 
15 years. At A the light falls directly on t}ie edge of 
the rings; but as soon as he passes that equinoctial point, 
the sun shines upon the lotver or ^ou^^efnside of the rings, 
and continues to do sot till the planet reaches its other 
equinox at E. Here the light crosses over to the upper 
or north side of the rings, upon which it continues for the 
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next 15 years; or till the planet passes round to A 
again. 

3. It shows that the Equinoxes wad Solstices are by no 
means peculiar to the earth — ^they belong to all the plan- 
etary bodies. In the figure, A and E are the equinoctial, 
and C and G the solstitial popts. 

4. The learner should test himself by this figure to see 
if he fully understands the subject of the sun's declination, 
as explained in Lesson 48. 

5. As before said, this view of Saturn in his orbit ac- 
counts for all his different phases during his periodic 
journey, as shown at Fig. 3. Let the student suppose 
himself on the earth, where he really is, and watching 
Saturn in his course ; and he will find that the rings must 
necessarily present all the variety in appearance which 
is seen in Fig. 3, as well as every intermediate degree of 
contraction and expansion. 

Let this explanation be traced through. Take any 
particular position of Saturn, or take them in order, be- 
ginning at A, and it will be found that the view denoted 
by the corresponding letter in Fig. 3 • must be the ap- 
pearance from the earth, as she comes round between 
Saturn and the sun. At C the rings are thrown up, and 
hide the upper edge of the planet ; while at G they seem 
inclined the other way, and the plan^t hides the upper 
edge" of the rings, &c. 

6. This diagram shows why we cannot see Saturn at 
all times in the year. Suppose him to be at C, for in- 
stance, on the first of January, and the earth qu the same 
side of her orbit ; of course he would be directly over- 
head, or rather on the meridian, at midnight, and might 
therefi>re. easily be seen for six hours preceding, and six 
following that hour. In six months from that time, or by 
the first of July, the earth will have passed round to the 
point opposite G ; but as Saturn has moved but a short 
distance apparently in his orbit, he will not only be above 
the horizon in the daytime, but nearly in conjunction with 
the sun. He must there^re be invisible till the earth 
again gets around where Saturn will be comparatively in 
opposition, or on the dark side of the earth. 

8 
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Lesson 66. . 

DIMENSIONS, STRUCTURE, AND USES OF SATURN's RINGS. 

(Map 11.) 

Diameter of the pla|iet -^ 
Distance to the interior ring 
Width of the interior ring 
Opening betXveen the rings 
Width of the exterior ring 
External diameter of the outer ring 
Thickness of the rings - 

Fig. 4 on the map is a vertical view of the rings of 
Saturn, or such as ap observer would have if he were 
situated directly over either pole of the planet, and at a 
considerable distance from it. The opening between the 
rings, and between the planet and the rings, would then 
be visible all round, and of uniform, width. Through 
these openings the stars would be as distinct as in anj 
other portion of the celestial sphere; hence we have 
80 represented in the figure. . » 

Fig. 5 is a view of the rings as they would appear to 
an observer situated upon the body of the planet itself, 
and about h^lf way from his eqtiator to his north JiOle. 
This is a summer view, of course, as the rings ar^ en* 
lightened ; where^ during winter in the northern hemi- 
sphere the rings would look dark, like the dsidi: part of a 
hew moon. 

Under this gorgeous arch may be seen a pprtion of the 
planet's surface. On the right is a new rMon^ and on 
the left Bifull fMOiij both in .view at the same time, oHe in 
the west and the other in the east. On the left, and 
crossing the rings, may be seen the shadow of Saturn, 
gradually ascending the arch as the night advances, till 
It reaches the zenith at midnight, and disappears in the 
west at the approach of day. 

Fig. 6 is a similar view from the body of Saturn, the 
observer being located at a distance from the equator, or 
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near his pole on the planet's surface. The arch would 
then appear low down in the south, and also more narrow 
and slender; and a mttch smaller portion of the rings 
would appear above the horizon. The following particu- 
lars may conclude this interesting lesson. 

1» By observing the motion of certain spots or in- 
equalities in the rings of Saturn, it has been ascertained 
thkt they revolve, around the planet in 10^ hours ; or in 
the time of^his diurnal revolution, (Lesson 21.) 

2. That the rings are solid mattery like the body of 
Saturn, seems evide/it from the fact that they reflect the 
light of the sun very strongly, and oast a deep shadow 
upon the planet's surface. 

3. Stars have sometimes been seen between th* inner 
and outer rings, which proyes them to be actually 
separated. 

4. Pf the uses of these wonderful rings it is sufficient 
to say that l^ey serve as so many reflectors to the planet ; 
and being only about -^ part as dis^tant as our moon, 
and of such vast magnitude, they ipust tend' greatly to 
modify the climate of the planet, by contributing to the 
light and heat of his summer evenings. During the 
winter in each hemisphere, the rings cast a shadow, and 
increase the intensity <n the cold. 

HERSCHEL. 

Upon th!s distant orb no jspots have ever yet been dis^ 
covered. It is supposed tp be surroqjoded by an atm<^ 
sphere ; but even this is not certain. Through a telescope 
^'we see nothing but a small, round, uniformly illuminated 
disc, without rings, belts, 6r discernible spots." It is of 
a pale cksh oolpr. 

LB TERRIER. 

Very little is known as yet of this new member of the 
solar fan^ily. We have therefore attempted no representor 
^n of its tekscopic appearance upon the map. By the 
following letter, however, copied from the London Timest 
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it appears that Le Verrier also may be adorned with a 

suit of gorgeous rings : 

Starfield, Idverpool, Oct 12, 1846. 

On the 3d instant, whilst viewing this object with my 
large equatorial, during bright moonlight, and through a 
muddy and tremulous sky, I suspected the existence of a 
ring round the planet; and on surveying it again for 
some time on Saturday evening last, in the absence of the 
moon, and under better, though still not very .favorable 
atmospherical circumstances, my suspicion was so strong. 
ly confirmed of the reality of the ring, as well as of the 
existence of an accompanying satellite, that I am induced 
to request you, as early as possible, to put the observa- 
tions before the public. 

The telescope used is an equatorially mounted Newto> 
nian reflector, of 20 feet focus, and 24 inches aperture, 
and the powers used were various, from 316 to 567. At 
about 8|- hours, mean time, I observed the planet to have 
apparently a very obliquely situated ring, the major axis 
being seven or eight times the length of the minor, and 
having a dire9tion nearly at right angles to a parallel of 
declination. At the distance of about three diameters of 
the disc of the planet, northwards, and not far from die 
plane of the ring, but a little following it, was situate a 
minute star, having every appearance of a satellite. I 
observed the planet again about two hours later, and no- 
ticed the same appearances, but the altitude had then de- 
clined so much that they were not so obvious. My im- 
pression certainly was that the supposed satellite had 
somewhat approached, but I cannot positively assert it. 
With respect to the existence of the ring, I am not able 
absolutely to declare it, but I received so many impres- 
sions of it, always in the same form and direction, and 
with all the different magnifying powers, that I feel a very 
strong persuasion that nothing but a finer state of atmo- 
sphere is necessary to enable me to verify the discovery. 
Of the existence of the star, having every aspect of a 
satellite, there is not the shadow of a doubt. 

Afterwards I turned the telescope to the Georgium Si- 
dus, and remarked that the brightest two of his satellites 
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were both obviously brighter than this small star aocom- 
jMwying Le Verrier's planet. Wm. Lassell. 

In the periodical from which, we copy, this statement 
of Mr. Lassell is accompanied by a drawings representing 
the appearance of the planet as above described. 

Lesson 67. 

OF THE DISCOVERT 07 THE SEVERAL PLANETS. 

Mercury, Venus, Mars, Jupiter, and Saturn, have been 
known froro the earliest ages in which astronomy has 
been cultivated. 

The time, place, and discoverer of the asteroids, re- 
spectively, is as follows : — 

Ceres, ;Ja.n, 1, 1801, by M. Piazzi, of Palermo. 

Pallas, March 28, 1802, by M. Olbers, of Bremen. 

Juno, Sept. 1, 1804, by M. Harding, of Bremen. 

Vesta, March 29, 1807, by M. Olbers, of Brenien. 

Astrcea, Dec. 8, 1845, by Encke, of Dresden. 

Hehe, July 5, 1847, by Encke, of Dresden. 

Iris, Aug. 13, 1847, by Hind, of London. 

Flora, Oct. 16,. 1847, by Hind, of London. 

Metis, April 25, 1848, by Graham, of Sligo. 

Herschel was discovered by Sir William Herschel, 
March 13th, 1781. 

Le Verrier, the new planet, was demonstrated to exist 
by M. Le Verrier, of France, in August, 1846* Its ex- 
istence and locality being thus determined, it was first 
seen Sept. 23d, 1846, by Dr. Galb, at Berlin. 

As the circumstances of this discovery are of the most 
interesting character, we subjoin the following letter upon 
the subject for the perusal of the student : 

EsH, near Durham, Oct 8, 1846. 
But a few months have elapsed since the discovery of 
Jie small planet Astraea, the companion of the small 

§Ianets Juno, Ceres, Pallas, and Vesta, already known, 
'he last few days have brought us the intelligence of the 

8* 
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discovery of another new planet, under circumstances so 
unexampled, as to form the most brilliant achievement of 
theoretical and practical astronomy. Some of your read- 
ers may be interested in a familiar explanation of the 
steps which have led to this interesting discovery. 

The motions of all the planets are affected by the gravi- 
tation of the planets to one another ; and the places of the 
planets in the heavens are computed beforehand, so that 
the positions given by observation can be constantly com- 
pared with those previously calculated. Now the observed 
motions of the planet Uranus, the most distant hitherto 
known in our system, when thus compared, were found 
not to agree with the motions which the planet would 
have, after allowing for the influence of all the known 
planets ; and when it was found that the deviations were 
far greater than any which could be ascribed to mere er- 
rors of observatron, that they were of a regular character, 
and of such a nature as would arise from the action of a 
still more distant planet, the attention of astronomers was 
directed to ascertain whether the disturbances were such 
as to point out the position of the disturbing planet. As 
long ago as the year 1842, a communication took place 
between Sir John Herschel and the lamented German as- 
tronomer, Bessel, on this subject : and there is reason to 
suppose that some researches on the subject will be found 
among BessePs papers ; for, in a letter written Nov. 14, 
1842, to Sir J. Herschel, Bessel says, "In reference to 
our conversation at Collingwood, I announce to you that 
Uranus is not forgotten." The question weis, however, 
taken up by other astronomers. Le Verrier, in France, 
and Mr. Adams, of St. John's College, Cambridge, in Eng- 
land, each in ignorance of each other's labors, proceeded 
to investigate this most intricate question, and arrived in- 
dependently at the same conclusion, that the probable 
place of the suspected planet was about 325^ of heliocen- 
tric longitude. This was sufficient to point out, within 
certain limits, the part of the heavens at which the planet, 
if visible, would be seen ; and, in consequence, Professor 
Challis, at Cambridge, for the last two months, was en- 
gaged in mapping the neighboring stars with a view of 
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detecting the planet. Sir John Herschel alluded to the 
probability that the planet would be detected in the speech 
wliich he made on resigning the chair at the late meeting 
of the British Association. Having observed that the last 
twelvemonth has given another new planet to our system, 
he added, *' It has done more. It has given us the proba- 
ble prospect of the discovery of another. We see it as 
Columbus saw America from the shores of Spain. Its 
movements have been felt, trembling along the far-reach- 
ing line of our analysis, with a certainty hardly inferior 
to that of ocular demonstration." 

The eloquent and glowing anticipation of the future 
was soon to receive its accomplishment. On the 31st of 
August, Le Verrier made public the following elements 
of the orbit of the supposed planet, deduced by most 
laborious calculations from the observed disturbances : 

Semi- axis major . . .36,154 

Eccentricity .... 0,10761 

Longitude of Perihelion . 284° 45^ 

Mean long. Jan. 1,1847 . 318^47^ 

Periodic time .... 217,387 sidereal years. 

Mass ,rtW. 

He also announced that the planet would probably 
present a disc of about 3^^ in magnitude. This an- 
nouncement reached Dr. Galle, at Berlin, on the 23d of 
September, and on the same evening Dr. Galle, on com- 
paring the stars in Dr. Bremiker's chart with the 
heavens, found a star of the eighth magnitude which was 
not marked upon the map. The place of this star was 
accurately observed, and on comparing this place with 
its position on the following night, its motion, amounting 
to about 4^ in right ascension, and 30^ in declination, was 
detected ; and the star was proved to be the expected 
new planet. 

It ought to be noticed that the new investigati5ns of Le 
Verrier, accompanied with a recommendation fc astrono- 
mers to search for the planet by examining whether any 
star presented a sensible disc, did not reach Cambridge 
tiii September 20, and that Professor Challis, on that very 
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evening, singled ont one star, as seeming f o have a disc, 
and that star was the planet. Thus the theory, derived 
by a most abstruse calculation, from long-continued ac- 
curate observation, has been completely verified ; and a 
triumph has been gained which will go down to posterity 
among the most brilliant of astronomical discoveries. 

The known boundaries of our planetary system have 
thus been nearly doubled ; a planet is added to it re- 
quiring more than 217 years to complete its revolution 
round the sun ; and moving in regions 430 remote as to 
receive but j^^th part of the light and heat which oia 
earth enjoys. 

It will remain to be discovered whether, as seems 
most probable, this planet is accompanied with a train of 
attendant satellites ; whether its motions are in ac- 
cordance with the knpwn laws of gravitation ; or whether 
it, in turn, is to serve as the means of a still further ex- 
tension of the solar system. 

There is one circumstance connected with this new 
planet which is too remarkable to be overlooked. It was 
long since noticed by Bode, that the distance of the plan- 
ets from the sun follows a peculiar law, which may be 
thus stated — that if the. distance of Mercury from the sun 
is assumed to be 4, the distance of Venus, the next planet, 
is 3 added to 4, or 7 ; that of the earth, which is next, 
twice 3 added to 4, or 10; and thus for the remaining 
planets, the distances from each other are doubled every 
time, as may be seen from the following table : 

Niune of Planet./ Dist. from the Son* DiffereD«& 

Mercury .... 4 3 

Venus ..... 7 8 

Earth 10 6 

Mars ..... 16 ' 12 

Small Planets . . 28 24 

Jupiter .... 52 48 

Saturn . i . . 100' 96 

Uranus .... 196 192 

New Planet ... 388 

The distance of the new planet then approximately 
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satisfies this very remarkable law ; and the little stranger 
is at once recognised as bearing a strong family likeness 
to the other members of our system. 

Tbmplb Chbvallier. 

From the calculation submitted in the foregoing ac* 
counts it appears that the Le Verrier planet must be 
nearly three thousand millions of miles from the sun ! 
Verily, such a discovery is '' enlarging the boundaries of 
the Solar System" most effectually. But what is this 
distance afler all, when we consider that it would re- 
quire more than 6000 such journeys to reach the nearest 
of the fixed stars ? 



CHAPTER m. 

OF THE SECONDARY PLANETS. 

Lesson 6S« 

CHARACTER AND NXTSCBER OF THE SBCONDART PLAITBTS. 

(Map 20 

Thb secondary planets are those comparatively small 
bodies that accompany the primaries in their course, and 
revolve around them. As the primaries revolve around 
the sun, so the secondaries revolve around their primaries. 

The number of secondary planets positively known to 
exist is nineteen. Of these, the Earth has one, Jupiter 
four, Saturn e^ht, and Herschel six.. They may be 
seen on the map at their relative distances from their 
primaries. Their relative magnitudes are also repre- 
sented. 

Though the secondary planets have a compound mo- 
tion, and revolve both around the sun and around their 
respective primaries, they are subject to the same general 
laws of gravitation — of centripeteJ and centrifugal force 
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— by which their primaries are governed. Like them, 
they receive their light and heat from the sun, aad re- 
volve periodically in their orbits, and on their respective 
axes. In the economy of nature they seem to serve as 
so many mirrors to reflect the sun's light upon Superior 
worlds, when tlieir sides are turned away from a more 
direct illumination. The secondary planets are generally 
called moons, or satellites. 

Less«H 69« 

SXTPPOSED SATELLITE OF VEOTS. 

Several astronomers have maintained that Venus is 
attended by a satellite. From the observations of Cas- 
sinr, Mr. Short, Montaigne^ and others, as quoted by Dr. 
Dick,* it seems highly probable that such b body exists. 
M. Lambert supposed its period to be 11 days, 5 hours, 
and 13 minutes; the inclination of its 6rb)t to the eclip- 
tic 63fo ; its distance from V^enus about 2180,000 miles; 
and its magnitude about \ that of Venus. It is to be 
hoped that this interesting question will ere long be fully 
settled, as it is one which numerous telescopes, both ifi 
this country and in Burop^, have ci^ercity to decide* . It 
is a question worthy of the attention of Lord Rosse> and 
the powers of his colossal reflector. 

Lesson 70. 

OF THE earth's SATELLITE OR MOON. 

(Map 12,) 

To ordinary observers of the heavens, the moon is an 
object of great interest. Her nearness to the earth — her 
magnitude — her rapid angular motion eastward — ^her per- 
petual phases or changes, and the mottled appearance of 
her surfac^, even to the naked eye, all conspire to arrest 
the attennJEn, and to awaken inquiry. Add to this her 

* Celestial Scenery, pp. 84-89. 
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connection with Eclipeesy and her influence in the produc- 
tion, of .71ufe«, (of both of \vhich we shall spei^ hereafter 
in distinct chapters,) and she opens before us one of the 
most interesting fields of astronomical research. "'■' 

T[>e £)lloifing table exhibits the principal statistic^ 
tnd facts respecting the inooh, and snould be carefully 
studied or committed to memory. 

Mean distance from the earth's centre 240,000 miles. 

Sidereal revolution - - . > - 274 days« 

Synodic revolutio|i .. - - - • 29j " 

Periodic revolutions per year, nearly - 13 
Direction in orbit frpm west to east. 

Hourly motion in orbit - • - 2,300 miles. 

Mean angular motion per day - 13o 10^ 35^' 

Diameter - - . - - 2,160 miles. 

Apparent angular diameter - •' . 31' T^ 

Bulk, as compared with the earth - -^j 

>Bulk, as compared with the sun - yir.xnnr.tnni 

Surface, as compared with the earth - ^ 

Density, the earth being 1 .' * - ^ 

Inclination of orbit to the ecliptic - 5© 9^ 

Eccentricity of orbit - - - 13,333 miles. 

Lotigitude of ascending node - - variable. 

Inclination of axis to orbit - - 14^ 

Revolution upon axis - - - 29^ days. 
Light reflected by her, as compared 

with that of the sun - - - TUi^sa 

By comparing the distance of the «ioon, as expressed 
in the foregoing table, with that of the sun, (Lesson 8,) 
it will be 'seen that the latter is four hundred times as &r 
ofTas the former. It is i^r this reason that she generally 
appears as large as the sun, when in fact he is seventy 
million times the largest. The moon may therefore 
well be regarded as our nearest terrestrial neighbor. 

It nvay also be interesting to compare the angular 
magnitude of the moon ds seen from the earth, with that 
of the sun, as given in Lesson 11. They seem to difier 
but 53'^ ; or less than one minute of a degree. Thus the 
■on, on account of his immense distance, looks no larger 



96 CHANGBS OR PHASES OF THE MOOIT. 

than the moon ; when in fact he is equal in bulk to 
seventy ndlHons of such bodies. 

If the student does not fully understand the cause of 
this agreement in the apparent magnitude of the sun and 
moon, when they are in reality so disproportionate in 
bulk, let him turn back and review Lesson 10, and the 
map and figure therein referred to. 



Lesson 71* 

CHANGES OR PHASES OF THE MOOIf . 
(Map 12,) 

The upper row of figures on the map represents the 
changes of the moon in passing from new to full moon, 
and around to new moon again. The first figure on the 
right represents the new moon, when, if visible at all, we 
see only her dark sid€. She is then at her conjunction^ 
or in the same longituce with the sun, and to ordinary 
observers is invisible. As she advances eastward in her 
orbit, she falls behind the sun in his apparent daily 
course, and in a few days is seen in the west just after 
sundown, in the form of a slender crescent, as seen in the 
next view to the lefl. As she advances, we see more and 
more of her bright side,, as represented on the map, till 
she reaches her opposition, when her enlightened hemi- 
sphere is towards us, and we see her as a/wZ? moon. 

From this time onward the west side oi the moon be- 
gins to be obscured, for want of the sun-light, and the 
crescent begins to be inverted. From the first quarter to 
the full, and from full moon to the last quarter, the moon 
is said to be gibbous. 

The cause of these changes is further illustrated in 
Figure 2, where the earth is shown in the centre, and 
the moon at various points in her orbit. The sun is 
supposed to be on the right, as in Figure 3. The out- 
»de suit of moons shows that in fact just one half of the 
moon is always enlightened ; while those on the in^de^ 
show how much and which part of her enlightened side is 
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*^frofn the earth. A is the new moon. B shows her 
first visible. C iis the first qiiiarter; D gibbous; E 
inoon ; F gibbous'; G last quarter ; H the crescent 
trerted ; and A new moon again. This revolution of 
M inoon around the earth, is called a lunation, 
*&ie points A and E, in the moon's orbit, are called 
Sfzygies ; C and Q her quadratures ; and B, D, F, 
lly her 0ctant8. 

Lesson 73# 
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THE MOON S PATH AROUND THE SUN. 

(Map 12.) 

•fhe revolution of the moon around the earth, and with 
barth around the suh, is represented by Fig. 3.* As 
orbit pearly coincides with the ecliptic, she is some- 
within, and at others without the eartli's orbit. When 
mopn is at A, and the earth in her orbit between A 
19, it is new moon. In ahout 14 days she reaches B, 
will be seen from the earth as a full moon. In 14 
lyd longer she reaches C, when it is new moon again, 
so on perpetually. At A she is in conjunction, and 
B in opposition, 
* But it will be seen that the twelve revolutions of the 
^oon and the one revolution of the earth do not come out 
len ; or in other words, do not end at the same time, 
^rom the new moon at A, around to the new moon at D, 
just twelve lunar months or revolutions ; but at this 
the earth wants 19^ 20^ to reach her starting-point 

m " I I, r'» I 

^Tbe author is aware that the figure does not represent the actpal 

^ the moon around the sun, neither is it possible to draw it, ex» 

upon a very large scale. The moon never retrogrades, but is 

icing with the earth at the rate of 65,000 miles an hour, even 

;li^Aw moon, uid when falluig behind the earth. When in opposi- 

1^ and gaining upon the efuth; her velocity is about 71,000 miles 

hour. The true path of the moon would appear almost parallel 

.^at of the earth, which it would cross backward and forward, at 

*^iiry acute angles, every 14^ days, or at intervals of about l4j^° each. 

Jlut eTeI^tfae portion within the earth's orbit would be concave to* 

^Haitfo the sun. The diagram. Fig. 3, inculcates more trvth and less 

*ittror than any other we could employ, and we use it for the same 

teason that we find it in Barritt's Atlas, and in Mitchel's edition of 

the Greography of the Heavens. 
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at A, or to complete her year. The lunar year, there- 
fore, consisting of twelve synodical revolutions of the 
moon, or 346 days, is 19 days shorter than the civil 
year. 

Lesson 7S. 

REVOLUTION OF THE MOON's NODES AROUND THE ECLIPTIC. 

(Map 120 

By referring to Lessons 30 and 31 it will he seen that 
the nodes of Mercury and Venus are permanent ; that is, 
that they are always at the same point in the ecliptic, or 
in the same longitude. But this is not the case with the 
moon's nodes. Suppose the line passing down from A, 
Fig. 3, to represent the line of her nodes, at the com- 
mencement of a lunar year. After twelve lunations, 
and when she has passed round to the point D, she will 
have returned to the same node again, although she is 
19° 2(K short of the point where that node was reached 
346 days before. At this time the line passing down 
from D would represent the line of her nodes. Jn this 
manner the nodes of the moon's orbit fall back westward, 
or recede 1 9 J° every lunar year, till they complete a 
backward revolution quite around the ecliptic. To do 
this requires 18 years and 225 days, or 228 lunations; 
when the moon will reach the same node again at D, or 
in the same longitude. 

This revolution of the moon's nodes will be noticed 
again in the chapter on Eclipses. The motion of the ap- 
sides will also be explained and illustrated in the chapter 
on Tides in connection with Map 14. 

Lesson 74* 

SIDEREAL AND STNODIC REVOLUTION OF THE MOON. 

(Map 12.) 

The difference between a sidereal and synodic revolu- 
tion of tlie planets is explained in Lesson 57. A sidereal 
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fevolation of the moon is a revolution from a particular 
star, around to the same star again ; or what would con- 
stitute a complete revolution if the earth were at rest. 
But as the earth is constantly advancing in her orbit, the 
moon, in passing from one full moon to another, has to 
perform a liUh more than a complete revolution to bring 
her again in opposition to the sun. This extended jour* 
ney is called her synodic revolution. 

The sidereal period is 27^ daya, and the synodic 29^ 
as already stated, Lesson 70. 

Lesson IS. 

RBVOLTJTION OP THE MOON UPON HER AXIS. 

(Map 12.) 

From the uniform appearance of the moon's surface, 
even to the naked eye, it is obvious that she always pre- 
sents nearly the same side to the earth. From this fact 
it is concluded that she makes but one revolution upon 
her axis during her synodic revolution — ^that her motion 
upon her axis is from west to east — ^that her day (in- 
cluding a lunar day and night) must be equal to 29|^ of 
our days ; and that the earth is always invisible from one 
half of the moon's surface. 

By consulting Fig. 2, it will easily be seen that to keep 
the same side towards the earth, the moon must necessa- 
rily revolve oftce on her axis during her synodic revolu- 
tion ; and also that if the side towards the earth at the full 
was towards us also at new moon, the side in darkness at 
full moon would be towards the sun, or enlightened at 
new moon. Observe, we are speaking of her actual light 
and shade, and not of her appearance from the earth. 

Lesson 76* 

THE moon's LIBRATIONS. 

(Map 12.) 

Though the moon always presents nearly the same 
hemisphere towards the earth, it is not always precise^ 
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the same. Owing to the ellipticity of her orbit, and the 
consequent inequality of her angular velocity, she ap- 
pears td rill a little on her axis, first one iVay and then 
the other, thus alternately revealing and hiding new ter- 
ritory, as it were, on her eastern and western limbs. 
This rolling motion east and west is called her Ubradon 
in longitude. 

The inclination of her axis to the ecliptic gives her 
another similar apparent motion, alternately revealing 
and hiding her polar regions. This is called her Ubration 
in latitude. It may be illustrated by Map 4, Fig. 2, as 
explained in Chapter VI . 

y 

Lesson 77. 

SEASONS OF THE MOON. 

The moon's year consists of 29J of diir daya; and 
as she revolves but once on her axis in that time, it fol- 
lows that she has but one" day and one night in her whole 
year. So slight is the deviation of her orbit from the 
plane of the ecliptic, and the inclination of her^axis to the 
plane of her orbit, that the sun's declination upon her can 
never exceed 6° 4(K. She must therefore have perpetual 
winter * at her poles, while at her equator her long days 
are very warm, and her long nights very cold. 



Lesson 78# 

■ <. 

TELESCOPIC VIEWS OF THE MOON. 

(KTap 12.) 

Fig. 4 is a telescopic view of the moon, as she appears 
when about a week old. The ragged line dividing her 
illuminated from her dark hemisphere, and extending 
around the moon, is called the circle of iUuminafion ; and 
the portion of this circle towards the earth, as represented 
on the map, is called the Terminator. This line traverses 
the moon's disc from west to east in about 15 days, when 
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it disappears from her eastern lirob ; and the other half 
of ^he circle of illumijiation immediately appears on her 
western border. In about 15 dcuys longer, it passes 
aA)und to the eastern limb again, as represented at Fig. 
6, and at the change of the moon- entire! j disappears. 

The t^igures 4, 5, and 6, are faithful representations 
of the moon, as she appears through a telescope of moder- 
ate pGfwer, at three difTerent periods during a lunation. 



LessoB 79# 

rHTSIClL' CONSTITUTION OF THE MOON — ■MOUNTAINS, VOL- 
CANOES, ATMOSPHERE, ETC. 

(Map 12.) 

Nothing is more obvious, from a telescopic view of the 
vacm, than that her surface is remarkably rough and vn- 
even. The evidence of this is, 

First, the crooked arid ragged appearance of the termu 
nator. Were the moon's surface level and smooth, this 
line Would be Uniform, and sharply defined. 

In the second place, small bright spots appear from 
time to time, from new to full moon, beyond the termina- 
tor, in the dark portioifs' of the moon^s disc. These are 
never far from the terminator, and grow liarger and larger 
as it approaches them. In the same manner these bright 
spots linger after the terminator, from full to new moon, 
and grow smaller and smaller till they disappear. 

In the third place, after these spots fall fairly withiti- 
the enlightened hemisphere of 'the moon, they project a 
shadow towards the terminator, or in a direction opposite 
to the sun. From new to full moon these shadows all 
point eastward, while frowrt full to- new nloon again they 
all point westward. 

Now nothing can be more certain, frofn all these phe- 
nomena, than that the moon is covered with mountains. 
Being elevated above the common level of the moon's 
surface, the sun's light would ftll upon their summits be- 
fore the surrounding valleys were rendered luminous or 

9* 
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vbible by reflected light. As the light advanced east* 
ward it would enlarge the visible portions of the moun. 
tains; and finally, afler the space around them, west, 
north, and south, was enlightened, they would still cast 
shadows eastward. Besides, these shadows are always 
darkest on the side towards the sun, or nearest the moun- 
tains. 

By examining Figures 4 and 6, in connection with the 
foregoing remarks, the student can hardly fail to be satis- 
fied that the moon also has her Alps, her Andes, and her 
Pyrenees. Some of her mountains have been estimated 
to be five miles in height. 

It has been ascertained also that many of the lunar 
mount£uns are of volcanic formationy like Etna and Vesu- 
vius. Dr. Herschel states that he actually saw the light 
of the^re* of several active volcanoes in the moon. The 
extravagant statement made by some authors, that cUks^ 
fortifications, and roads have been seen on the moon's 
disc, is worthy of little or no credit. It is much easier 
to imagine cities, &c., to exist on the moon's surface, 
than to actually see them even if they were there. 

In regard to the existence of an atmosphere around the 
moon, astronomers are divided. From observations during 
eclipses of the sun, and other phenomena, it is thought 
that if the moon has any atmosphere at all, it must be 
very limited in extenti and far less dense than that of the 
earth. 

Dr. Scoresby, of Bradford, England, has published a 
description of the moon, as she appears through the 
monster telescope of Lord Rosse.' He represents her as 
appearing in great magnificence through this famed in- 
strument, seeming like a globe of molten silver, whilst 
every object of the extent of one hundred yards was 
quite visible, and edifices of the size of York Minster, 
might therefore, he said, be easily perceived if they had 
existed. He states however, that there was no ap- 
pearance of any thing of that nature, neither was there 
any indications of the existence of water, nor of an at- 
mosphere. There was a vast number of distinct vol- 
canoes, several miles in breadth ; through one of them 
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there was a line in continuance of one, about one bun- 
dred and fifty miles in length, which ran in a straight 
direction like a railway. The general appearance, how. 
ever, was like one vast ruin of nature ; and many of the 
pieces of rock, driven out of the volcanoes, appeared to 
be laid at various distances. 



Lesson SO* 



GEOGRAPHY OF THE MOON, OR SELENOGRAPHY. 

(Map 12.) 

» 

The great natural divisions of the moon's disc have 
received appropriate names. The following is a list of 
some of her principal mountains^ and their height, ac- 
cording to the recent measurement of Midler: 





Feet. 


MUee. 


Posidonius . . 


. 19,830 


3.76 


Tycho .. . . . 


. 20,190 


3.83 


Calippus . . . 


. 20,390 


3.86 


Casatus . . . . 


. 22,810 


4.32 


Newton . . . , 


. 23,830 


4.52 


Clavius . . . . 


. 19,030 


8.60 


Huygens . . 


. 18,670 


3.54 


Blancanus . . 


. 18,010 


3.41 


Movetus . . . . 


. 18,440 


3.49 



The following list may be found upon the map. Fig. 5, 
the numbers in the drawing answering to those oi the 
table. It may require a near view to read the figures on 
the map. 



1. Tycho, 

2. Kepler, 

3. Copernicus, 

4. Aristarchus, 

5. Helicon, 



6. Eratosthenes, 

7. Plato, 

8. Archimedes, 

9. Eudoxus, 
10. Aristotle. 



The dusky portions formerly supposed to be Meaa^ avi 
designated as follows : — 
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A. Mare Humorum, B. Mare Tranquilitatis, 

B. " Nubium, F. " Serenitatis, 

C. " Imbriumj G. " Fecutiditatis, 

D. " Nectaris, H. *^ Crisium. 

MM. Baer and Madler, of Berlin, have constructed 
a map of the mooii, which is dhiaracterized by Professor 
Nichol of Glasgow, as " vastly more accurate than any 
map of the earth we can yet produce," and as "the 
only authentic and valuable worl^ of the kind in ex- 
istence." Fig. 5 on the map is a faithful transcript of 
this invaluable drawing of the moon's surface. 

The subject of EcUpses and Occultatwns will be cod. 
sidered in Chapter IV . ; and that of Tides in Chapter Y. 

Lesson 81. 

MOONS OR SATRLLITBS OF JUPITER 
(Map 2.) 

Jupiter has four satellites, whose distances, magni- 
tudes, and periodic times are as follows: — They are 
nuitibered in order, beginniiig with the one nearest to 
their primary. 

Diameter in miles. Distance. Periodic times. 

1st 2,500 . . 259,000 . • 1 day 18 houM. 

2d 2,068 . . 414,000 . . 3 « 12 « 

8d ?,377 . . 647,000 . • 7 « 14 « 

4th .2,890 . . 1,164,000 . . 17 « " 

^ By comparing the magnitude of Jupiter's satellite^ 
with that of our moon. Lesson 70, a striking resem- 
blance will be discovered. Indeed the size and distana 
of the first .answer almost exactly to the size and distance 
of the moon. But when we come to the periodic UmeSf 
we find a vast disproportion. So great is the ma^ and 
attractive force of Jupiter, that if even his most distant 
satellite hftd a periipdic revolution of twenty-nine and a 
half days, its centripetal would overcome its centrifugal 
force, and it would fall to the body of the planet. To 
balance the great attractive force of the planet (LessoD 
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17) it is necessary that his secondaries should have a 
rapid projectile motion ; hence, though the first is as 
large, and as distant from Jupiter as our moon is from 
the earth, it revolves more th&n J^^en times as rapidly as 
tlie moon. For remarks on the centripetal and centrifu* 
gal forces, see Lesson 20. 

The moons of Jupiter revolve neariy in the plane of 
his equator, and of course, nearly in the plane of his 
orbit and of the ecliptic. See 32 and 50. Their orbits, 
as stated by Dr. Herschel^ are inclined to the plane of 
his equator, as follows : 

1st z<^yz(y\ 

2d Variable* 

3d . Variable. 

4th ... . . . . 2058M8'^ 

The eccentricities of the 1st and 2d are not •per- 
ceptible. That of the 3d and 4th is sn^all, and variable, 
in consequence of mutual perturbations, caused by their 
mutual attraction. They all revolve from west to east, 
or in the direction of the revolution of their primary upon 
bis axis. 

The satellites of Jupiter may be seen with a tele- 
scope of very inpderate magnifying power, or a common 
spyglass ; and one of them has even been seen with the 
naked eye. This noble planet with his retinue of moons 
is the solar system in miniature ; and furnishes the most 
glorious coniirmation of the truth of the Copernican 
theory. 

For eclipses of Jupiter's satellites see the chapter on t 

eclipses* «' 

Lesson S3* 

SATELLITES OF SATURK. 

(Map a.) 

The satellites of Saturn are eight in number,* and are 
seen only with telescopes of considerable power. They 
revolve from west to east. The orbits of the six interior 

* The eighth has recently been diaco?ered. 
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world is attended by one or more secondary bodies. In* 
deed we might almost infer this from analogy, especiall] 
when we consider the magnitude of the planet as answen 
ing pretty nearly to that of Herschel ; akid his imment^ 
distance from the sun; upon which he also must depen 
for light and heat. This latter circumstance alone woul 
seem to den^and a profusion of moons to arrest the sui 
beams in the surrounding space, and reflect them upc 
the cold and cheerless bc^m of their primary. For tli 
present, however, the learner must content himself witi 
the little we are able to communicate upon this subjed 
in the hope that future observations may furnish us wit! 
a more satisfactory knowledge of the economy and peoi* 
liarities of this far-di^ant orb. 

The secondary planets are all supposed to revolve d 
their respective axes, in the time of their periodic revpln 
tions, so as always to present the same hemispheres t 
their respective primaries. No smaller bodies have eve 
been discovered revolving around the satellites, as moo 
or ss^tellites to them. 



CHAPTER IV. 

PHILOSOPHY OF iBCLIPSES. 

Lesson SS. 

NATURE AND CAUSES 0^ ECLIPSES. 

(Map 13.) 

An Eclipse is the partial or total obscuration or dam 
ening of either the sun or moon. An eclipse of the suil 
is called a Solar eclipse, and that of the moon a Luna\ 
eclipse. 

To understand the nature and philosophy of eclipses, i 
will beniecessary to begin with what is called the lav oj 
shadows. The principles of this law are as follows : — 
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j^- A shadow is a portioii of space deprived of light by 
itervention of some dark or intransparent body. 
Tbe* length and form of shadows depend not only 
fofm of the opaque body, by which the light is in- 
rted, but also upon its magnitude as compared with 
iminous body ; and its distance from it. At Fig. 1 
Limn is seen at S, on the right, the earth at 6, and 
jmoon at A and C. The shadows of the earth and 
are seen projecting to the left, and running to a 
pflpt. They have this form because the earth and moon 
^maUer than the sun ; and as the earth is a glohe^ her 
assumes the form of a cone, with its b£ise towards 

If the earth were just as large as the sun, her shadow 

he in the form of a cylinder ; and if larger than the 

would spread out like a fan ; or like the section of 

with its base turned from the sun. These princi- 

'may be illustrated at leisure by a candle and several 

of different sizes. 

When the opaque body is smaller than the luminous 
le length of its conical shadow will depend upon its 
ice from the source of light. Thus, if the earth were 
Fig. 1, her shadow would be shorter than repre- 
in the figure, by one half. 
/ The shadow cast by the earth is darker in some 
theui in others. This is represented at O, and P P, 
2. The deep conical shadow shown at O, and in 
other figures, is called the Umbra ; and the faint 
shown at P P, the Penumbra, 
fe are now prepared to state the causes of eclipses : 
An Eclipse of the sun is caused by the moon passing 
jn the earth and the sun, and casting her shadow 
the earth. This is represented at A, B, Fig. 1, 
the moon is seen passing in her orbit around the 
and 'hiding part of the sun^s disc at S, from the ob- 
ir at B ; or, what is the same thing, casting her 
>w upon the earth at B. As the moon is moving 
^ard, or in the direction of the arrows, she covers the 
_ >r or western limb of the sun first, and advances to the 
el£t. By turning the right side of the map uppermost fbf 

10 



110 CHARACTEE, ETC., OF SOLAR ECLIPSES. 

a moment, and placing it to the south of the learaer, the 
figure can hardly fail to give him a correct idea of the 
manner in which a solar eclipse is produced, and the 
reason why it always commences on the sun's western 
limb. 

2. Eclipses of the moon are caused by her falling into 
the earth's shadow, as represented at C. These always 
commence on the moon's eastern limb, as may be shown 
by turning the left side of the map uppermost. 

3. In its natural position the map illustrates another 
fact : it shows why eclipses of the sun always happen at 
new moon, and eclipses of the moon at full moon. To 
an observer on the earth the moon must be new at A, and 
fuU at C. 

Lesson 86« 

CHARACTER, EXTENT, AND DURATION OF SOLAR ECLIPSES. 

(Map 13.) 

1. The first thing to be determined in regard to solar 
eclipses is the length of the moon's shadow. Let the stu- 
dent now call to mind the fact that the earth and moon 
both move in elliptical orbits, as stated in Lessons 43, 45, 
and 70. Let him remember also, that the sun is in one 
of the foci of the earth's orbit, as represented in Fig. 2 ; 
and that the earth is in one of the foci of the moon's orbit, 
as shown at T and U. Now as the earth is farther from 
the sun at U than at T, her shadow will be longer ; and 
^80 with the moon. The shadows of both are much longer 
>when the earth is at or near her aphelion, as at U, than 
when near her perihelion, as at T. 

2. The length of the moon's shadow is also modified 
by iher position in her orbit. As her mean distance from 
the earth's centre is 240,000 miles, she must be 480,000 
fniles nearer the sun at new moon, than at her full. This 
difference in her distance must have its efiect in length- 
ening or shortening her shadow. At T, Fig. 2, the earth 
is at^her perihelion, and her shadow and that of her satel- 
lite :iffe comparatively short. At U the earth is at hei 
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most distant point from the sun ; and the shadows of both 
the earth and the moon are proportionally elongated. 

3. A third circumstance modifying the length of the 
moon's shadow, is the position of her aphelion and perihe- 
Uon points, in respect to the sun. When the earth is at 
T, in her orbit, and the moon at her aphelion at M, which 
is then towards the sun, her shadow is the shortest possi- 
ble ; as she is then nearer the sun than at any other 
time ; but when the earth is at her aphelion at U, and 
the moon comes to her aphelion when it is turned from 
the sun as at E, her shadow has its greatest possible 
length. Such is the variety of causes which conspire to 
afiect the length of the shadows projected by the earth 
and moon. 

4. When the earth is at U, and the moon at her peri- 
helion, and in conjunction as at H, her shadow will ex. 
tend 19,000 miles beyond the earth ; and will be nearly 
175 miles in diameter at the distance of the earth's sur- 
face. Consequently if her shadow fall centrally upon the 
earth, it will cover an area 175 miles in diameter, within 
which the sun will appear totally eclipsed. At this time 
the penumbra will cover an area 5,000 miles in diameter, 
within which the eclipse will be only partial. If the 
shadow falls upon the side of the earth, it will of course 
cover a much larger space ; and in either case, it will 
move from west to east over the earth's surface. 

6. When the earth is at T, and the moon at M, the 
shadow of the moon will not reach the earth by 20,000 
miles ; and when the sun and moon are at their mean 
distances from the earth, the cone of the moon's shadow 
will terminate a little before it reaches the earth's sur- 
face. 

6. The angular or apparent magnitude of a body de- 
pends much upon its distance from the observer, (Les- 
sdh 10.) When the sun and moon are at their mean 
distances, they appear nearly of a size ; but when the 
earth is at U, and the moon at H, the moon appears 
larger than the sun, and if a central eclipse take place, 
it will be total; or, in other words, the moon will en- 
tirely cover or hide the sun's face. This is owing to the 
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nearness of the moon to the earth, and the distance of 
the sun. A total eclipse may last 7 minutes and 58 
seconds. 

7. When the earth is at T, and the moon at M, the 
sun, being at his perihelion distance, will appear unusual^ 
ly large ; and the moon being in apogee, will appear uiu 
usually small. Should a central eclipse happen at this 
time, the moon would not be large enough to hide the en- 
tire face of the sun, even when directly between us and 
him ; consequently in the middle of the eclipse the moon 
would be seen covering the centre of the sun, and leaving 
a luminous ring unobscured, as represented at V on the 
map. This is called an annular eclipse ; and the ring 
may last 12 minutes and 24 seconds. 

8. For convenience in describing eclipses, the diameter 
of the sun and moon, respectively, is divided into twelve 
parts called digits. Thus at W, the sun would be de- 
scribed as about three digits eclipsed ; at S, about four 
digits, &c. 

The learner will now understand the difference between 
partial and total, central and annular eclipses. Both an- 
nular and total eclipses must be central, but the annular 
eclipse is not total. The ring or outer border of the sun 
is left unobscured. 

" The following is a list of all the solar eclipses that 
will be visible in Europe and America during the re- 
mainder of the present century. To those which will 
be visible in New England the number of digits is an- 
nexed. 



Year. 


Month. 


Day and Hour. 


Digits. 


1847, 


Oct. 


9 1 A. M. 




1848, 


Mar. 


5 7 50 A. M. 


H ' 


1851, 


July 


28 7 48 A. M. 


31 


1854, 


May 


26 4 26 p. M. 


11* 


1858, 


Mar. 


15 6 14 A. M. 


ll 


1859, 


July 


29 5 32 p. M. 


^ 


1860, 


July 


; 18 7 23 A. M. 


6* 
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Year. 


Month. 


Day and Hour. 


Digits. 


1861, 


Dec 


31 


7 30 A. M. 


H 


1863, 


May 


17 


1 p. M. 




1865, 


Oct. 


19 


9 10 A. M. 


H 


1866, 


Oct. 


8 


11 12 A. M. 





1867, 


Mar. 


6 


3 A. M. 




1868, 


Feb. 


23 


10 A. M. 




1869. 


Aug. 


7 


5 21 A. M. 


lOJ 


1870, 


Dec. 


22 


6 A. M. 




1873, 


May 


26 


3 A. M. 




1874, 


Oct. 


10 


4 A. M. 




1875, 


Sept. 


29 


5 56 A. M. 


in 


1876, 


Mar. 


25 


4 11 p. M. 


3f 


1878, 


July 


29 


4 56 p. M. 


n 


1879, 


July 


19 


2 A. M. 




1880, 


Dec. 


31 


7 30 A. M. 


H 


1882, 


May 


17 


1 A. M^• 




1885, 


Mar. 


16 


35 A. M. 


H 


1886, 


Aug. 


29 


6 30 A. M. 


Oi 


1887, 


Aug. 


18 


10 p. M. 




1890, 


June 


17 


3 A. M. 




1891, 


June 


6 


Mer. 




1892, 


Oct. 


20 


19 p. M. 


8J 


1895, 


Mar. 


26 


4 A. M. 


90 


1896, 


Aug. 


9 


Mer. 




1897, 


July 


29 


9 O A. M. 


H 


1899, 


June 


8 


Mer. 




1900, 


May 


28 


8 9 A. M. 


11 



The eclipses of 1854, 1869, 1875, and 1900, will be 
very large. In those of 1858, 1861, 1873, 1875, and 
1880, the sun will rise eclipsed. 

Those of 1854, and 1875, will be annular. The 
scholar can continue this table, or extend it backwards, 
by adding or subtracting the Chaldean period of 18 years, 
11 days, 7 hours, 54 minutes, and 31 seconds.'"" 



* Ferguson. 
9* 
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Lesson 87. 

ECLIPSES OF THE MOON. 

(Map 13.) 

1. The average length of the earth's shadow is 860,000 
miles ; or more than three times the moon's average dis. 
tance from the earth. Its average breadth at the distance 
of 240,000 miles from the earth's centre, or where the 
moon passes it, is about 6,000 miles ; or three times the 
moon's diameter. Now the extent and duration of a lunar 
eclipse must depend upon these three circumstances : 

(1.) The distance of the earth from the sun, and the 
consequent length of her shadow at the time. 

(2.) The distance of the moon from the earth, which 
determines the diameter of the earth's shadow where the 
moon passes it ; and 

(3.) The manner in which she passes through the 
earth's shadow. If it be greatly elongated, it will be 
proportionably larger at the average distance of the mooli's 
orbit ; and if the moon is in perigee, and peisses centraUif 
through the earth's shadow, as at G and X, Fig. 2, the 
eclipse will be total, and long continued. On the other 
hand, if the moon is in apogee, she will pass the earth's 
shadow where it is comparatively slender, as at K, and 
the eclipse will be of comparatively short duration. 

So if she pass through the side of the shadow, instead 
of its centre, the eclipse will be partial instead of total. 
An eclipse of the moon can never be annular, as she 
cannot get so far off that the earth's shadow would be in- 
sufficient, when centrally passed, to cover the whole of 
the moon's disc. 

2. Before the moon enters the earth's shadow or iim- 
hra, as at O, the earth begins to intercept from her poir. 
tions of the sun's light, or to cast a faint shadow upon 
her. This shadow, called the moon's penumbra, grows 
darker and darker as she advances, till' she enters the 
conical and perfect shadow of the earth. Here the real 
eclipse begins. The umbra and penumbra may be seen 
at O, and P P, on the map. 



"▼" 
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Lesson 88. 

OF THE TIME AND FBEQUENCY OF ECLIPSES. 

(Map 13.) 

1. If the moon's orbit lay in the plane of the ecliptic, 
88 represented at Fig. 1, there would be two central 
eclipses every month ; viz., one of the sun and one of 
the moon. But as the moon's orbit is inclined to the 
ecliptic at an angle of 5^ 9^, (Lesson 70,) it is evident 
that she may be either above or below the ecliptic at the 
time of her conjunction with the sun ; so that she will 
seem to pass either above or below him, and will not 
cause an eclipse. This will be understood by carefully 
observing the moon's orbit at M and H, Fig. 2. At Af, 
the side towards the sun appears thrown up or above the 
ecliptic ; while at H it is below the ecliptic. Of course, 
then, the moon's shadow will pass below the earthy as 
represented at H ; and though it be ever so long, there 
wul be no eclipse. For the same reason, the moon may 
pass either above or below the earth's shadow, at the 
time of her oppositiony and no lunar eclipse occur. 

2. It is only wljjsn the moon is at or near one of her 
nodes, that either a solar or lunar eclipse can occur. 
On the Map, Fig. 2, the line L N represents the line of 
the nodes, as well as the plane of the ecliptic. At A, the 
moon is seen coming to her node, in the direction of the 
arrow, and casting her shadow upon the earth. At the 
same time we see the eclipse advancing in the same 
direction, commencing upon the sun's western limb at 
W. At G and X, in the same figure, we see the moon 
totally eclipsed. If, therefore, the earth and the moon 
reach the line of the moon's nodes at the same time, the 
eclipse will be central, whether it be of the sun or 
moon. 

3. But it is not necessary that the earth and moon 
tshould be precisely on the line of the moon's nodes, in 
order to produce an eclipse. "The distance of the 
moon from her node when she just touches the shadow 
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of the earth, in a lunar eclipse, is called the Lunar 
Ecliptic Limit ; and her distance from the node in a solar 
eclipse, when the moon just touches the solar disc, is 
called the Solar Ecliptic Limit, The Limits are respec- 
tively the farthest possible distances from the node at 
which eclipses can take place."* 

The Lunar Ecliptic Limit is 11° 25' 40''. This is the 
greatest distance from the moon's node at which a lunar 
eclipse can take place ; and in the event of its happening 
at such a distance from the node, it must be exceedingly 
small or slight. 

The Solar EcHpiic Limit is 16° 59^. If at the moment 
of new moon her node be more than this distance from 
the sun, no eclipse can happen. 

This subject may be elucidated by contemplating the 
moon as seen in her orbit at A, Fig. 2. As she ap- 
preaches her node, it is evident that she will overlap or 
eclipse the sun, as soon as she gets within half the sun's 
diameter of the ecliptic; as just one-half of the sun is 
above the ecliptic. That point, therefore, in the moon's 
orbit which is only the semi-diameter of both the sun and 
moon from the ecliptic, is the ecliptic limit for solar 
eclipses. 

4. The moon's nodes constantly fall back westward 
on the ecliptic, at the rate of about IQ^per year ; so that 
she comes to the same node again, as from the line near 
A, Fig. 2, around to A again, in 19 days less than a 
year ; or in 346 days. In just half this time, viz. 178 
days, she passes her other node in the opposite side of the 
ecliptic, as at N. It follows, therefore, that at whatever 
time of the year we have eclipses at either node, we may 
be sure that in 173 days afterwards we shall have eclipses 
at the other node. And as for any given year eclipses 
commonly happen in two opposite months, as January 
and July, February and August, May and November, 
these opposite months, whichever they may be, are called 
for that year the Node Months. 

5. There cannot be less than two nor more than seven 

• Olmsted. 
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eclipses in one year. If but two, they will both be of the 
sun ; but if seven, five will be of the sun and two of the 
moon. The usual number is two solar and two lunar. 



Lesson 89. 

ECLIPSES, OR OCCULTATIONS OF THE STARS. 

The occultation of a star is caused by the moon's 
passing between us and it, and concealing it from our 
view. Though a very simple and common phenomenon, 
it is, nevertheless, a very interesting one. At New 
Moon, especially, the star occulted may be traced to the 
very border of the moon's eastern limb, when it suddenly 
goes out. From these stellar occultations, or eclipses of 
the stars, many important conclusions may be drawn. 

They teach us that the moon is an opaque body, ter- 
minated by a real and sharply defined surface, intercept- 
ing light like a solid. 

They prove to us, that at those times when we cannot 
iee the moon, she really exists, and pursues her course ; 
and that when we see her only as a crescent, however 
narrow, the whole globular body is there, filling up the 
deiicient outline, though unseen. For occultations take 
place indiflferently at the dark and bright, the visible and 
invisible outline, whichever happens to be towards the 
direction in which the moon b moving ; with this only 
difference, that a star occulted by the bright limb, if the 
phenomenon be watched with a telescope, gives notice, 
by its gradual approach to the visible edge, when to ex- 
pect its disappearance; while, if occulted at the dark 
limb, if the moon, at least, be more than a few days old, 
it is, as it were, extinguished in mid-air, without notice 
or visible cause for its disappearance, which, as it happens 
instantaneously, and without the slightest previous dimi- 
nution of its light, is always surprising ; and, if the star 
be a large and bright one, even startling from its sudden- 
ness. The reappearance of a star, too, when the moGn, 
has passed over it, takes place, in those cases when the 
bright side of the moon is foremost, not at the concave 
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outline of the crescent, but at the invisible outline of the 
complete circle, and is scarcely less surprising from its 
suddenness, than its disappearance in the other case.* 

Lesson 90. 

ECLIPSES OF Jupiter's moons. 

Every planet in the Solar System, whether primary 
or secondary, casts its shadow in the direction opposite to 
the sun. But none of the primaries can eclipse each 
other. In every case, however, where they are attended 
by satellites, there may be eclipses. 

Of the number, distances, magnitudes', and motions of 
Jupiter's moons, we have already spoken in Lesson 81. 
It remains now to consider their eclipses. 

From the magnitude of Jupiter, and his distance from 
the sun, it will be seen at once that he must cast a 
shadow of great dimensions, extending far into space to- 
wards the orbit of Saturn. But in order fully to under- 
stand the subject of his eclipses, it will be necessary to 
take into the account not only his distance, magnitude, 
&c., but the near coincidence of his orbit with the ecUptic, 
his equator with his orbit, and the orbits of his moons witk 
his equator. All these points will be found duly noticed 
under their appropriate heads in the preceding lessons. 
Let it be remembered then — 

1. That Jupiter casts a broad and long shadow in the 
direction opposite the sun. 

2. That the centre of this shadow lies in the plane of 
his orbit, which differs only l\° from the plane of the 
ecliptic. (32.) 

3. That his axis is inclined to his orbit only 3^ 5^, and 
of course the plane of his equator nearly coincides with 
that of his orbit. (50.) 

4. Three of his moons revolve very nearly in the 
plane of his equator, and must consequently pass near 
the centre of his shadow at every revolution. They 
must, therefore, be totally eclipsed. 

* Herschel's Astronomy 
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5. The most ^distant of his satellites has an orbit more 
inclined to the ecliptic, so that she sometimes but just 
grazes the border of the shadow in passing, and some- 
times wholly escapes. But these instances are compara- 
tively rare. As a general rule, it may be said that the 
satellites of Jupiter are totally eclipsed slI every revolution; 
so that by determining the number of revolutions each 
makes in a month, (81,) and adding them together, we 
find the number of eclipses in that period of time. They 
amount to about forty. 

6. From the nearness of his satellites (Lesson 81) we 
infer that they must pass his shadow where its diameter 
must be nearly as great as that of Jupiter ; hence the 
eclipses are usually total, and last for some time. 

7. The shadows of the satellites, being much longer 
than those of our moon, on account of their greater dis- 
tance from the sun, and the nearness of the satellites to 
Jupiter, are cast upon him at every revolution. They 
may be seen with good telescopes ** like small round ink 
spots" traversing his disc. 

8. The entrance of Jupiter's moons into his shadow is 
called their immersion ; and their egress therefrom their 
emersion. Tables have been constructed showing the pre- 
dse time when these shall take place, for a given longi- 
tude on the earth, as, for instance, Greenwich Observa- 
tory ; which tables are employed, in connection with a 
chronometer or accurate timepiece, for determining terres- 
trial longitude. 

Lesson 91. 

ECLIPSES OF SATUEN AND HEESCHEL. 

Of the satellites of these two planets, too little is known 
to admit of any very positive statements in respect to their 
eclipses. Indeed very little is said upon this subject, even 
by the ablest practical astronomers. Of Saturn it is re- 
marked by Dr. Herschel, that owing to the obliquity of 
his rings, and of the orbits of his satellites to the ecliptic, 
they suffer no eclipses, the interior ones excepted, until 
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near the time when the rings are seen edgewise. (Se# 
Lesson 66, and Map.) 

Of the eclipses of Herschel's moons, nothing whateve/ 
is known by observation, and very little by theory, as 
deduced from their distances, inclination of orbits> 6ziC. 



CHAPTER V. 

PHILOSOPHY OF THE TIDES. 

Lesson 93. 

NATURE AND CAUSES OF TIDES. 

(Map 14.) 

The alternate rising and falling of the waters of Htm 
ocean are called Tides. The rising of the waters is calledt 
Flood tide, and their falling Ebh tide. There are tiw> 
flood and two ebb tides every day. 

The cause of the tides is the attraction of the sun aoA 
moon upon the earth and the waters surrounding it. 

Fig. 1 represents the earth surrounded by water in % 
state of rest, or as it would be were it not acted upon bjf 
the sun and moon. 

Fig. 2 shows the moon at a distance above the ear^ 
and attracting the waters of the ocean so as to produce % 
high tide at B. But as the moon makes her appar^il 
westward revolution around the earth but once a day^ 
the simple raising of a flood tide on the side of the eariil 
towards the moon, would give us but one flood and on* 
ebb tide in twenty-four hours ; whereas it is known that 
we have two of each. 

Fig. 3, therefore, is a more correct representation o( 
the tide- wave, as it actually exists, except that its heigfa^ 
as compared with the magnitude of the earth, is vastljf 
too great. It is designedly exaggerated, to illustrate tilt 
principle under consideration. While the moon at A 
produces a high tide at B, we see a high tide at C, on Htm 
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mposite side of the earth. Of course it is low tide, at 
l^m time, at D and E ; and as these four tides, viz. two 
Of^ and two low, traverse the globe from east to west 
iNPeary day, it accounts for both the rising and falling of 
tko tides every twelve hours. 

• But the most difficult point remains yet to be elucidated. 
** The tides," says Dr. Herschel, " are a subject on which 
wmky persons find a strange difficulty of conception. That 
^e moon, by her attraction, should heap up the waters 
rf the ocean under her, seems to most persons very nat- 
ttfai. That the same cause should, at the same time, 
feap them up on the opposite side of the earth, [as at C, 
yig. 8,] seems to many palpably absurd. Yet nothing is 
,Mffe true, nor indeed more evident, when we consider 
ftftt it is not by her whole attraction, but by the differences 
fjt her attractions at the two surfaces and at the centre, 
-^at the waters are raised.*'* 

The law of gravitation (17) is the same which prevails 

in the diffiision of light, (12,) namely, that its force is 

'inversely as the squares of the distances; or, in other 

• irords, as the square of the distance is diminished, the 

. 'ferce of attraction is increased, and vice versa. Let this 

Itole be applied to the earth aAd moon. Fig. 3. 

1. In the first place, nothing can be more evident than 
tat the tide-water at B is the whole diameter of the 
jlparth, or 8,000 miles nearer the moon at A than the 
■Raters of the opposite side of the earth at C. They 
"^.^.teust also be 4,000 miles nearer than the centre of the 
"^/iarth, or the parts between D and E ; while these parts, 
■ \ ta turn, are 4,000 miles nearer than the waters at C. 
" . ' 2. Now as the force of the moon's attraction depends 
Upon her distance, it must follow, in the second place, 
that the different parts of the earth' will be unequally at- 
tracted, B will be attracted more than D E, and D E 
fiiore than C. 

3. This unequal attraction of the different parts of the 
iarth's surface will tend to separate these parts. As B 
1b more strongly attracted than the body of the earth, it 

« Tzeatise, 315. 
11 
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will be drawn farther towards the moon, so as to produce 
a high tide on that side of the earth. The body, or solid 
parts of the earth, being nearer to the moon than the 
waters at C, will also recede from them towards the moon, 
causing the waters of the other side of the earth to tend 
from D E towards C, and raising a high tide at that point 
4. This perturbation, or swinging of the earth one 
way and the other, in her orbit, is assumed to be a con- 
stant result of the moon's attraction. Though the earth 
never deviates from her course more than the amount of 
her diameter, yet this is considered sufficient to account 
for the high tides opposite the moon, when in conjunction 
with the sun, upon the principles already explained. For 
a new theory of tides, see Lesson 94. 



Lesson 93. 

LAGGING OF THE TIDE — ^EXCURSIONS IN LATITUDE. 

(Map 14.) 

1. The vertex, or highest point of the tide- wave, is 
generally about three hours behind the moon in her pas- 
sage westward. This is illustrated at Fig. 4, where the 
moon is seen on the meridian at A, and the tide- wave 
hanging back to the east, with its vertex at B. The 
tide will be rising at C when the moon passes the merid^ 
ian ; and will continue to rise for three hours afterwards, 
when it will reach its highest point, and begin to ebb 
again. 

The catise of this delay of the tide-wave is a want of 
time for the waters of the ocean to yield to the impulse 
given to them by the moon's attraction. Besides, as the 
moon continues to act upon the waters east of her me- 
ridian, for some time after she has passed over them, it is 
natural that they should still continue to rise. 

2. Not only does the tide lag behind the moon, but 
the moon lags behind her hour, so to speak, or rises later 
and later every night, as she advances eastward in her 
orbit; so that high or low water is about fifty minutei 
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later every day, in reaching any particular meridian, than 
on the day preceding. 

3. The position of the moon in regard to the equinoc* 
Ud has also its effect in modifying the tides. This is 
illustrated at Pig. 5, where the moon is seen at A-, south 
of the equinoctial, and the vertex of the tide-wave at B, 
on the Tropic of Capricorn. Of course the vertex of the 
opposite wave would be at E, in the northern hemisphere. 
Were the moon at C, or north of the equator, the vertices 
of the wave would be shifted from B and E to D and F. 
It is in this way that the declination of the sun and moon 
(47) materially affects the tides in any particular latitude. 
As the vertex of the tide-wafve tends to place itself verti- 
cally under the luminary which produces it, when this 
vertical changes its point of incidence on the surface, the 
tide- wave must tend to shift accordingly ; and thus, by 
monthly and annual periods, must tend to increase and 
diminish alternately the principal tides. The period of 
the moon's nodes is thus introduced into this subject; 
her excursions in declination in one part of that period 
being 29°, and in another only 17°, on either side of the 
equator.* 

It is on this account, that in high latitudes every al- 
ternate tide is higher than the intermediate ones, the 
evening tides in summer exceeding the morning tides, 
and the morning tides in winter exceeding those of the 
evening. 

Lesson 94. 

SPRING AND NEAP TIDES. 

(Map 14.) 

1. We have hitherto spoken chiefly of the moon as in- 
strumental in the production of the tides. But though 
she is the principal, she is not the only cause. The mass 
of the sun is seventy millions of times greater than that 
of the moon, (70,) but in consequence of his great distance^ 

« Herachers Treatise, 317, 318. 
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his influence upon the earth in the production of tides ht 
only about one-third as great as that of the moon. Still it is 
amply sufficient to produce a perceptible tide- wave of it- 
self, independently of the aid of the moon. Now as the 
solar and lunar influences are to each other as one to 
three, it is evident that when the two forces are combined 
they will produce tides one-third higher than usual ; and 
when they counteract each other, the lunar tide- wave 
will prevail, but will be one-third lower than usual. 
These extraordinary variations are called the Spring and 
Neap tides. There are two of each every month. The 
spring, or highest tides, occur at the syzygies, or at new 
and mil moon, and the neap ^des at her quadratures. 

A, B, C, F, Fig. 6, are intended to illustrate these 
phenomena. At A, the moon is seen in conjunction. It- 
is now new moon, and the sun and moon act together 
upon the waters of the ocean, producing a Spring tide. 
The map shows the tide-wave as considerably higher 
than at F or B. 

2. At B, the moon has passed to her Jirst quarter, so 
that her attraction is in a direction at right angles with 
that of the sun. But as she exerts three-fourths of all the 
attractive force of the sun and moon both, she succeeds 
in producing a lunar tide in spite of the sun, though he 
subtracts one-third from what would otherwise he its 
elevation. On these principles we account for the Neap 
tides. 

3. At C, the Sim and moon are seen in opposition^ and 
the earth exhibits another spring tide. But here it is evi- 
dent that the tide- wave opposite to each luminary respec- 
tively, cannot be materially augmented by the perturba- 
tions of the body of the earth, as illustrated at Fig. 3, 
and explained at the beginning of this chapter : for as the 
sun and moon act in direct opposition to each other, they 
tend to keep the earth from swinging towards either. But 
as the moon exerts three times the force of the sun upon 
the earth, she will attract the earth towards her, in spite 
of the sun ; so that she will thus contribute to the pro- 
duction of the tide- wave on the side of the earth towards 
C. On the hemisphere towards the moon, she must raise 
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her own tide, and that, too, with the whole force of the 
sun's attraction acting against her. How, then, is the 
spring tide produced at this time on the side of the earth 
opposite the sun ? And yet such is the fact. 

Here is a point which it must be acknowledged is not 
satisfactorily explained by the prevailing theory of tides. 
When the sun and moon are in opposition, they must 
necessarily diminish that perturbation of the earth, which 
is assumed to be the cause of spring tides, and as the 
cause is reduced, the effect also should be reduced. Ac- 
cording to this theory, therefore, we ought to have a neap 
instead of a spring tide, when the sun and moon are in 
opposition. The earth cannot swing in two opposite di- 
rections at the same time. Even Prof. Olmsted, whose 
abilities as an astronomer and mathematician are univer. 
sally acknowledged, seems to be at a loss here. He 
says : — " At the time of new moon, the sun and moon 
both being on the same side of the earth, [as represented 
at A and D,] and acting upon it in the same line, their 
actions conspire, and the sun may be considered as add- 
ing so much to the force of the moon. We have already 
explained how the moon contributes to raise a tid« on the 
opposite side of the earth. But the sun, as well as the 
moon, raises its own tide- wave, which, at new moon, co- 
incides with the lunar wave. At full moon, also, the 
two luminaries conspire in the same way to raise the 
tide ; for we must recollect, that each body contributes 
to raise the tide on the opposite side of the earth, as well 
as on the side nearest to it. At both the conjunctions and 
oppositions, therefore, that is, at the syzygies, we have 
unusually high tides."* 

Here it will be seen that the learned author speaks 
of the fact of spring tide at full moon, and refers to the 
general principles upon which we account for spring tide 
at new moon ; but how the sun and moon, acting in oppo- 
sition, can produce spring tides, remains yet to be ex- 
plained. 

4. At F, we see the moon in the neighborhood of her 

* Ixiftrodnction to Astronomy, 168. 
11* 
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last quarter, and the earth exhibiting the necqt tide$ 
again. We have thus passed through with one lunation, 
in which we have at A and C, two spring tides, and at 
B and F ttoo neap tides. 

The spring tides are not at their height at the mc 
ment of the syzygies, but about thirty-six hours after. 
wards. 

PEOFESSOE DAVIES' THEOET. 

Since the foregoing was in type, the author accidenl* 
ally met with Prof. Davies, formerly of West Point, who 
in view of the exceptions we had taken to the prevailing 
philosophy, on the preceding page, submitted the follow, 
ing theory. So far as we can discover, it is a philo- 
sophical one, and it is certainly more satisfactory upon 
some points than the prevailing doctrine, which we had 
previously ventured to call in question. In the correct- 
ness of his theory. Prof. D. expresses entire confidence; 
and by his consent it is here inserted for the benefit of 
the reader. 

The principle upon which he accounts for the tides, 
is that of hydrostatic pressure. When fluids of difierent 
specific gravity are mingled together, the heavier will 
displace the lighter, and cause them to rise to the surface. 
If the waters of the ocean were not acted upon by the 
sun or moon, their specific gravity would be the same 
all over the world ; and they would consequently balance 
each other, producing equilibrium, as represented at Fig. 
1. But the sun and moon do attract the waters of the 
ocean, and destroy their equilibrium. Take the earth 
and moon as represented at Fig. 3. While the moon is 
at A, the tendency of her attraction is to diminish the 
specific gravity or weight of the waters at B, as she over- 
comes a portion of the earth's gravitating force ; so that 
these waters become lighter than they are wont to be. 
At the same time the moon acts upon the waters at D £ 
with a slightly diminished force ; but the tendency at 
these points is in a horizontal direction, or from D B 
towards A, and not away from the earth's centre. Of 
coursei then, the specific gravity of the water is not 
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lessened at D and £, but rather increased. But as the 
waters at B are rendered lighter by the moon's attrac- 
tion, the waters at D E, having retained their usual 
weight, at least, will displace the former, thus causing 
the waters to fall at D and E, and rise at B and C. In a 
word, the difference in the direction of the moon's attrac- 
tion at B and D E, as respects a perpendicular to the 
earth's centre, makes a difference in the weight of the 
waters at these two points ; and the waters at D E, heinst 
heaviest, sink down till the lighter waters at B and C 
are increased enough in quantity to balance them ; or 
till equilibrium is produced. 

This theory applies as well to spring tides at full 
moon 8L8 to any other tides ; and besides, it requires no 
sensible perturbations of the earth as the result of the 
moon's attraction. It is, therefore, preferable to the com- 
mon theory laid down by authors, and is commended to 
the student as decidedly Uie best method of accounting for 
the production of Tides. 

Lesson 95. 

OTHER INEQUALITIES OF THE TIDES. 

(Map 14.) 

1. The tides vary in height, according to the distances 
of the earth and moon at the time when they occur. 
Take, for example, the spring tides at New Moon. If 
the earth is at her aphelion distance from the sun, and 
the moon in apogee, as we see represented at A, Fig. 6, 
the attraction of both the sun and moon will be less than 
their average amount, so that there will be but a mod- 
erate spring tide ; but if the moon is in perigee, and the 
earth at her perihelion distance, as seen at D, both the 
sun and moon, being at their nearest points to the earth, 
and in conjunction, will exert their full attractive influ- 
ence upon the earth ; and the spring tide will be unu- 
sually high, as shown on the map. 

2. At E the earth is near her perihelion, and the 
moon in opposition and in apogee. In such a case the 
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8UD has his greatest agency in producing the tides and 
the moon her hast. This will tend to equalize their 
forces, and only an ordinary spring tide will be pro- 
duced. 

3. The height of the tide-wave in different parts of the 
world is exceedingly various, owing to its being crowded 
into narrow channels in some instances, and to various 
other local causes. In open seas the spring tides are 
about eleven, and the neap tides about seven feet. At 
London the spring tides rise to the height of nineteen feet; 
at the mouth of the Indus, thirty feet ; in the river Sev- 
ern, England, forty feet ; at St. Maloes, in France, forty- 
five feet ; and at Cumberland, Bay of Fundy, seventy-one 
feet. This last is the highest tide in the world, and is 
caused by the meeting of the great northern and southern 
tide-waves of the Atlantic, which here come together in 
opposite directions. 

The height of tides on different portions of the western 
continent has been given as follows : 



Cumberland, Bay of Fundy, . 


. 71 feet 


Boston, 


. 11 " 


New Haven, .... 


. 8 " 


New York, . . 


. 5 " 


Charleston, S. C., ... 


. 6 " 



This table seems to accord well with the theory just , 
named, in regard to the cause of the excessively high 
tides in the Bay of Fundy. 

4. The lagging of the tide-wave behind the moon 
(93) is greatly modified by local causes. Though the 
tides are usually highest about three hours afler the 
moon has passed the meridian, it is oflen retarded by 
shoals and channels, and by striking against capes and 
headlands, so that, as exceptions to the general rule, high 
tides happen at all distances of the moon from the me- 
ridian. 

5. Lakes and inland seas have no perceptible tides, m 
consequence of their inconsiderable magnitude, as com- 
pared with the waters of the ocean. 

6. Dr. Herschel observes that the action of the sun 
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and moon produces tides in the atmosphere, as well as in 
the water ; and that delicate observations have rendered 
them sensible and measurable. The pupil will find" a 
remark concerning tides on the sun, in Chapter VII., 
where the various theories of the solar spots are consid- 
ered. 

Lesson 96. 

MOTION OF THE APSIDES OF THE MOON's OEBIT* 

(Map 140 

• 

At the close of Lesson 73, we promised in this chapter 
to speak of the motion or revolution of the moon's apsides. 
The apsides of the moon's orbit are her perihelion and 
aphelion points in her orbit ; and the Une of the apsides 
is a line drawn through those points, as shown in Fig. 6, 
wherever the moon's orbit is represented. At A this line 
IB marked MA. 

Now the motion of the apsides is the revolution of these 
points around the ecliptic from west to east. The map 
shows this revolution as we trace the moon around from 
A to F, in which place the line of the apsides, or the ma- 
jor aids of the ellipse, is at right angles with itself, as 
shown at A. 

The apsides of the moon's orbit make a complete rev- 
dution in about nine years. In four and a half years 
the line A M will shifl ends, so that the perihelion point 
M will be towards the sun ; and in four and a half years 
more it will shift ends again, so that the moon will reach 
her perigee again at M, or in the same part of the heav- 
ens. In this way the apsides constantly advance east- 
ward, till, at the end of Tiine years, they finish a complete 
revolution. 

It will not be supposed, after what we have said above, 
that the apsides shift ends suddenly, or all at once. This 
is not the case. Their motion is gradual and uniform, as 
shown on the map. 

As already stated in the chapter on Eclipses, the mo- 
tion of the moon's apsides must always be taken into the 
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account in predicting their occurrencei as well as in the 
explanation of the tides. 



CHAPTER VI. 

OF COMETS. 

Lesson 97. 

GENERAL DESCRIPTION OF COMETaRT BODIES. 

(Map 15.) 

1. Comets are the most singular class of bodies belong 
ing to the Solar System. They derive their name from 
the Greek word comUf which signifies bearded or hairy, 

2. A comet usually consists of three parts — the iV«- 
cleus, the Envelope, and the Tail, The Nucleus is what 
may be called the bodi/ or head of the comet, as seen at 
N, on the map. The Envelope is the nebulous or hairy 
covering that surrounds the nucleus. It may be seen 
around the nuclei of several of the specimens on the map^ 
and especially that of 1585. The Tail of a comet is an 
expansion or elongation of the envelope. 

3. Some comets have no perceptible nucleus , their entire 
structure being like that of a thin vapory cloud, passing 
rapidly through the heavens. 

4. Many comets have simply the envelope, toithout any 
tail or elongation. Such were those that appeared in 
1585 and 1763, the former of which will be found on the 
map. 

5. Cassini describes the comet of 1682 as being at 
round and as bright as Jupiter, without even an envelope. 
But these are very rare exceptions to the general charac- 
ter of cometary bodies. 

6. The tails of comets usually lie in a direction oppft. 
site to the sun ; so that from perihelion to aphelion they 
precede their nuclei or heads ; or in other words, comets 
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seem, afler having passed their perihelion, to back out of 
the Solar System. See Map 2. 

7. The comet of 1823 is said to have had two tails, one 
of which extended towards the sun. This comet may be 
seen on the map, with a portion of its orbit. The sun is 
supposed to be on the left, and the comet passing down 
towards its perihelion. Its nucleus and envelope are dis- 
tinctly represented. 

8. The tails of comets are usuall}' curved more or lesS| 
being concave towards the region from whence they come. 
This is well shown in the comets of 1811, 1823, and 1680. 
That of 1689 is said to have been curved like a Turkish 
sabre, as shown on the map. 

The cause of this curvature of the tails of comets is 
supposed to be a very rare ethereal substance, which per- 
vades space, and offers a slight resistance to their progress. 
Of course it must be almost infinitely attenuated, as the 
comets themselves are a mere vapor, which could make 
no progress through the spaces of the heavens were they 
not very nearly a vacuum. They could no more pass a 
medium as dense as our atmosphere, than an ordinary 
cloud could pass through the waters of the sea. 

9. Comets have been known to exhibit several tails at 
the same time. That of 1744, represented on the map, 
had no less than six tails spread out in the heavens like 
an enormous fan. 

10. The tails of comets do not continue of the same 
wniform length. They increase both in length and breadth 
as they approach the sun, and contract as they recede from 
him, until they often nearly disappear before the comet 
gets out of sight. 

11. Instances have occurred in which tails of comets 
have been suddenly expanded or elongated to a great dis- 
tance. This is said to have been the case with the great 
comet of 1811. 

12. Of the physical nature of comets little is known. 
That they are in general very light and vapory bodies is 
evident from the fact that stars have sometimes been seen 
even through their densest portions, and are generally 
visible through their tails ; and from the little attractivs 
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influence they exert upon the planets in causing perturba- 
tions. While Jupiter and Saturn often retard and delay 
comets for months in their periodic revolutions, comets 
have not power in turn to hasten the time of the planets 
for a single hour ; showing conclusively that the relative 
masses of the comets and planets are almost infinitely 
disproportionate. ^ 

Such is the extreme lightness or tenuity of cometary 
bodies, that in all probability the entire mass of the 
largest of them, if condensed to a solid substance, would 
not amount to more than a few hundred pounds. Sir 
Isaac Newton was of opinion that if the tail of the largest 
comet was compressed within the space of a cubic inch, 
it would not then be as dense as atmospheric air ! The 
comet of 1770 got entangled, by attraction, among the 
moons of Jupiter, on its way to the sun, and remained 
near them for four months ; yet it did not sensibly affect 
Jupiter or his moons. In this way the orbits of cornels 
are often entirely changed. That they are in themselves 
opaque bodies^ and shine only hy rejection, is evident from 
their sometimes exhibiting distinct phases ; from their in- 
creased brightness as they approach the sun ; and from 
the known difference in the properties of direct and re- 
flected light. The idea that they are, in reality, " fiery 
bodies/' is unquestionably erroneous. ' 

Lesson 9S« 

MA6Nrnn>ES, velocities, and tbmperaturb of comets. 

(Map 15.) 

1. The HEADS or nuclei of comets are comparaHuely 
trnaU. The following table shows the estimated diameter 
in five different instances. 

The comet of 1778, diameter of head 33 miles. 
" 1805, " 36 " 

« 1799, ** 462 " 

«• 1807, « 666 «« 

•« 1811, « 428 •« 
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2. The TAILS of comets are often of enormous length 
and magnitude. That of 371 before Christ was 60° long, 
covering one third of the visible heavens. In 1618, a 
comet appearea which was 104° in length. Its tail had 
not all risen when its head reached the middle of the 
heavens. That of 1680 (see map) had a tail 70° long, 
80 that though its head set soon afler sundown, its tail 
continued visible all night. 

The following table will show the length of the tails 
of some of the most remarkable comets, both in degrees 
%nd in miles. They will be characterized only by the 
year when they appeared. 



B. C. 


371, 


600 - 


- 140,000,000 miles 


A.D. 


1456, 


60 - 


- 70,000,000 " 




1618, 


104 - 


- 65,000,000 " 




1680, 


70 - 


- 123,000,000 " 




1689, 


68 - 


- 100,000,000 " 




1744, 


30 - 


- 35,000,000 " 




1769, 


90 - 


- 48,000,000 " 




1811, 


23 . 


- 132,000,000 « 




1843, 


60 . 


- 130,000,000 " 



As these estimates are the angles under which the comets 
were viewed from the earth, the length of their tails in 
miles would not oe proportional to the angle merely, as 
their distances must also be taken into the account. So 
the comet of 1843, with an angular length of only 60° 
was longer in fact by 65,000,000 niiles than the comet 
of 1618, with an angular length of 104°. At the time 
of measurement the latter was much nearer to the earth 
than the former when his dimensions were estimated. 

The pupil should look up the comets named in the 
above table, so far as laid down on the map. 

3. The VELOCITY with which comets often move, is 
truly wonderful. Their motions are accelerated as they 
approach, and retarded as they recede from the sun ; so 
that their velocity is greatest while passing their peri- 
helions. The comet of 1472 described an arc of the 
heavens of 120° in extent in a single day! That of 

12 
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1680 moved, when near its perihelion, at the rate of 
1,000,000 miles per hour. 

4. The TEMPERATURE of some comets, when nearest 
the sun, must be very great. That of 1680 came within 
130,000 miles of the sun's surface, and must have re. 
ceived 28,000 times the light and heat which the earth 
receives from the sun — a heat more than 2,000 times 
greater than that of red-hot iron ! What substance can 
a comet be composed of to endure the extremes of heat 
and cold to which it is subject ? Some have supposed 
that their tails were caused by the sun's light and heat 
rarefying and driving back the vapory substance com- 
posing the envelope. 

Lesson 99. 

PERIODS, DISTANCES, AND NUMBER OF COMETS. 

(Map 15.) 

1. The PERIODS of but few comets are known. That 
of 1818, called ^^ Encke's Comet,'' has a period of only 3i 
years. Biela's Comet has a period of 6 J years. That oi 
1682 (then first noticed with care, and identified as the 
same that had appeared in 1456, 1531, and 1607) has a 
period of about 76 years. It is called Halley's Comet, 
after Dr. Halley, who determined its periodic time. 

The great comet of 1680 has a periodic time of 570 
years, so that its next return to our system will be in the 
year 2,250. Many are supposed to have periods of thou- 
sands of years, and some have their orbits so modified by 
the attraction of the planets as to pass oflf in parabolio 
curves, to return to our system no more. 

Prof. Nichol is of opinion that the greater number visit 
our system but once, and then fly off in nearly straight 
lines till they pass the centre of attraction between the 
Solar System and the Fixed Stars, and go to revolve 
around other suns in the far distant heavens.* Sir John 
Herschel expresses the same sentiment.f 

* Solar System,- p. 135. t Treatise, American Ed. p. 289* 
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2. The DISTANCES to which those comets that return 
must go, to be so long absent, must be very great. Still 
their bounds are set by the great law of attraction, for 
were they to pass the point " where gravitation turns the 
other way," they would never return. But some, at 
least, do return, after their " long travel of a thousand 
years." What a sublime conception this afibrds us of 
the almost infinite space between the Solar System and 
the Fixed Stars ! 

The perihelion distances of the various comets that 
have appeared, and whose elements have been estimated 
by astronomers, are also exceedingly variable. While 
some pass very near the sun, others are at an immense 
distance from him, even at their perihelion. Of 137 that 
have been particularly noticed, 

30 passed between the Sun and the orbit of Mercury ; 
44 between the orbits of Mercury and Venus; 
34 " " " Venus and the Earth ; 

23 " " " the Earth and Mars ; 

6 " " " Mars and Jupiter. 

3. The NUMBER of comets belonging to, or that visit, 
the Solar System is very great. Some have estimated 
them at several millions. When we consider that most 
comets are seen only through telescopes — an instrument 
of comparatively modern date — and that notwithstanding 
this some 450 are mentioned in ancient annals and 
chronicles, as having been seen with the naked eye, it is 
probable that the above opinion is by no means extrava- 
gant. It is supposed that not less than 700 have been 
seen at difierent times since the birth of Christ. The 
paths of only about 140 have been determined. 

The extreme difficulty of observing comets whose 
nearest point is beyond the orbit of Mars, is supposed to 
account for the comparatively small number that have 
been seen without that limit ; and the proximate uniform* 
ity of the distribution of their orbits over the space in* 
eluded within the orbit of Mars, seems to justify the con- 
clusion, that though seldom detected beyond his path, 
they are nevertheless equally distributed through all the 
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spaces of the solar heavens. Reasoning upon this hj« 
pothesis, Prof. Arago concludes that there are probably 
seven millions of comets that belong to or visit the Sokur 
System.* 

Lesson 100« 

DIRECTION, ORBITS, AND NATURE OF COMETS. 

(Map 15.) 

1. The DIRECTION of comets is as variable as their 
forms or magnitudes. They enter the Solar System from 
all points of the heavens. Some seem to come up from 
the immeasurable depths below the ecliptic, and, having 
doubled "heaven's mighty cape," again plunge down- 
ward with their fiery trains, and are lost for ages in the 
ethereal void. Others appear to come down from the 
zenith of the universe, and having doubled their perihe- 
lion, reascend far above all human vision. Others again 
are dashing through the Solar System, in all possible di- 
rections, apparently without any prescribed path, or any 
guide to direct them in their eccentric wanderings. In- 
stead of revolving uniformly from east to west, like the 
planets, their motions are direct, retrograde, and in every 
conceivable direction. 

2. It is remarked by a late writer,f that the average 
inclinations of all the planes in which the comets now on 
record have been found to move, is about 90^. This he 
regards as a wonderful instance of the goodness of Provi- 
dence, in causing their motions to be performed in a man- 
ner least likely to come in contact with the earth and the 
other planets. 

3. The form of the comets' orbits is generally that of 
an ellipse greatly flattened or elongated. The sun being 
near one end of the ellipse, and the planets comparatively 
in his immediate neighborhood, the comets are in the 
vicinity of the sun and planets but for a short time, and 

* Arago and Lardnei^s Astronomy, p. 70. 
t Prof: KendaU of PhUadelphia. 
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then hasten outward again, beyond the limits of human 
vision, even with the aid of the best telescopes, to be gone 
even for centuries ! 

4. Comets were formerly regarded as harbingers of 
famine, pestilence, war, and other dire calamities. In 
one or two instances they have excited serious appre- 
hension that the day of judgment was at band ; and that 
they were the appointed messengers of Divine wrath, 
hasting apace to burn up the world. It may be well, 
therefore, to devote a paragraph to the question. Are 
comets dangerous in the Solar System ? That they are 
not, will be evident when we consider, 

First, that there is scarcely the remotest probability 
of a collision between the earth and a comet. It has 
been determined, upon mathematical principles, and after 
the most extended and laborious calculation, that of 
281,000,000 of chances there is only one unfavorable, 
or that can produce a collision between the two bodies. 
The risk, therefore, to which the earth is exposed of being 
struck by a comet, is like the chance one would have in 
a lottery, where there were 281,000,000 black balls and 
but one white one ; and where the white ball must be 
produced at the first drawing to secure a prize. 

In the second place, if a comet were to come in direct 
collision with the earth, it is not probable that it would be 
able even to penetrate our atmosphere ; much less to dash 
the world in pieces. Prof. Olmsted remarks, that in such 
an event not a particle of the comet would reach the 
earth — ^that the portions encountered by her would be 
arrested by the atmosphere, and probably inflamed ; and 
that they would perhaps exhibit on a more magnificent 
scale than W£is ever before observed, the phenomena of 
shooting stars, or meteoric showers.* The idea, there- 
fore, that comets are dangerous visitants to our system 
has more support from superstition than from reason or 
science. 

I cannot better conclude this chapter than in the 
language of the lamer^ted Burritt : " What regions these 
— — -I I ~ 

* lutroduction to Astronomy, p. 274. 
12* 
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bodies visit, when they pass beyond the limits of our 
view ; upon what errands they come, when they again 
revisit the central parts^ of our system ; what is the 
difference between their physical constitution and that 
of the sun and planets ; and what important ends they 
are destined to accomplish in the economy of the uni- 
verse, are inquiries which naturally arise in the mind, 
but which surpass the limited powers of the human un- 
derstanding at present to determine." 



CHAPTER VII. 

OF THE SUN. 

Lesson lOl. 

GENERAL REMARKS RESPECTING THE SUN — ^ITS UAGNI- 

TUDE, ETC. 

(Map 4.) 

Although it has been found necessary to give many in- 
teresting facts respecting the sun, in the preceding les- 
sons, it is thought important to repeat them here, with 
others, in a more systematic order ; and with opportunity 
for descriptions and explanations more in detail. 

Of all the celestial objects with which we are acquaint- 
ed, none make so strong and universal an impression upon 
our globe as does the Sun. He is the great centre of the 
Solar System — ^a vast and fiery orb, kindled by the Al- 
mighty on the mom of creation, to cheer the dark abyss, 
and to pour his radiance upon surrounding worlds. Com- 
pared with him, all the solar bodies are of inconsiderable 
dimensions ; and without him, they are wrapped in the 
pall of interminable night. 

The sun is 886,000 miles in diameter. Were a tunnel 
opened through his centre, and a railway laid down, it 
would require, at the rate of thirty miles per hour, nearly 
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three and a half years for a train of cars to pass through 
it. To traverse the whole circumference of the sun, at the 
same speed, would require nearly eleven years. His 
diameter is 112 times that of the earth, and his mass 
1,400,000 times as great. He is 500 times larger than 
all the rest of the Solar System put togethor^ The mean 
diameter of the moon's orbit is 480,000 miles ; and yet 
were the sun to take the place of the earth, he would fill 
the entire orbit of the moon, and extend more than 200,000 
miles beyond it on every side. 

The form of the sun is that of a spheroid ; his equa- 
torial being somewhat greater than his polar diameter. 
The map referred to exhibits the relative diameters of the 
tun and planets. 



Lesson 103« 

SPOTS ON THE SUN — THEIE NUMBER. 

(Map 4.) 

By the aid of telescopes a variety of spots are often 
discovered upon the sun's disc. Their number is exceed- 
ingly variable at different times. From 1611 to 1629, a 
period of 18 years, the sun was never found clear of 
spots, except for a few days in December, 1624. At other 
times twenty or thirty were frequently seen at once ; and 
at one period, in 1825, upwards of fifty were to be seen. 
Prof Olmsted states that over one hundred are sometimes 
visible. From 1650 to 1670, a period of 20 years, 
scarcely any spots were visible; and for eight years, 
from 1676 to 1684, no spots whatever were to be seen. 
For the last 46 years, a greater or less number of spots 
have been visible every year. For several days, during 
the latter part of September, 1846, we could count six- 
teen of these spots which were distinctly visible, and most 
of them well defined ; but on the 7th of October follow- 
ing, only six small spots were visible, though the same 
telescope was used, and circumstances were equally &- 
Torable. 
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Lesson 103. 

NATURE OF THE SOLAR SPOTS. 

(Map 4.) 

The appearance of the solar spots is that of a dark fin. 
cleus surrouaded by a border less deeply shaded, called 
a penumbra. They are both well represented on the 
map. 

When seen through a telescope, the sun presents the 
appearance of a vast globe, wrapped in an ocean of flame, 
with the spots, like incombustible islands, floating in the 
fiery abyss. The principal facts by which we are to 
judge of their nature and causes, are the following: 

1. The sun is often entirely destitute of spots. 

2. When they are to be seen, the same spots do not 
regularly reappear on the east, and pass around, with 
every successive revolution, to the west. 

3. They are exceedingly variable as to number and 
magnitude. 

4. They have been known to break into pieces, and di^ 
vide, and even finally to disappear altogether in a very 
short time. 

5. They sometimes breaJc out again in the same places; 
and new ones often break out where none were per. 
ceptible before. 

6. When they disappear, the central dark spot always 
contracts into a point, and vanishes before the penumbra 
or border disappears. 

7. In the neighborhood of the large spots, the surface 
of the sun is covered with strongly- marked streaks or 
arms, more luminous than the rest, called faculce, among 
which the spots often break out. The dark spots are 
sometimes called maculce, 

8. The spots are all found within 30° of the sun's 
equator, or in a zone of 60° in width. 

9. In a series of experiments conducted by Prof. 
Henry, of Princeton, by means of a thermo-electrical 
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apparatus, applied to an image of the sun thrown on a 
screen from a dark room, it was found that the spots 
were perceptibly colder than the surrounding light sur- 
face. 

Concerning these wonderful spots a variety of opinions 
have prevailed and many curious theories have been 
constructed. Lalande, as cited by Herschel, suggests 
that they are the tops of mountains on the sun's surface, 
laid bare by fluctuations in his luminous atmosphere; 
and that the penumbree are the shoaling declivities of 
the mountains, where the luminous fluid is less deep. 
Another gentleman, of some astronomical knowledge, 
supposes that the tops of the solar mountains are exposed 
by tides ia the sun's atmosphere, produced by planetary 
attraction. 

To the theory of Lalande, Dr. Herschel ohjects that 
it is contradicted by the sharp termination of both the in- 
ternal and external edges of the penumbrsB; and ad- 
vances as a more probable theory, that " they are the 
dark, or at least comparatively dark, solid body of the 
sun itself, laid bare to our view by those immense fluctu- 
ations in the luminous regions of the atmosphere, to which 
it appears to be subject." Prof. Olmsted supports this 
theory by demonstrating that the spots must be ^* nearly 
or quite in contact with the body of the sun." 

In 1773, Prof. Wilson, of the University of Glasgow, 
ascertained by a series of observations that the spots 
were probably <' vast excavations in the luminous matter 
of the sun; the nuclei being their bottom, and the 
umbrse their shelving sides.* This conclusion varies but 
little from that of Dr. Herschel, subsequently arrived 
at-t 



* A Talaabld paper upon the subject of the solar spots, written by 
the lamented Ebenezer Porter Mason, may be found in his excellent 
Memoir, by Prof. Olmsted, page 238. 

t Nichol's Solar System, pp. 122-136. 
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Lesson 104. 

SfAGNITUDE OF THE SOLAR SPOT& 

(Map 4.) 

The magnitude of the solar spots is as variable as their 
number. Upon this point the map will give a correct 
idea ; as it is a pretty accurate representation of the 
sun's disc as seen by the writer cm the 22d of September, 
1846. In 1799, Dr. Herschel observed a spot nearly 
30,000 miles in breadth; and he further states, that 
others have been observed whose diameter was upwards 
of 45,000 miles. Dr. Dick observes that he has several 
times seen spots which were not less that -^ of the sun's 
diameter, or 22,192 miles across. 

It is stated, upon good authority, that solar spots have 
been seen by the naked eye-^-a fact, from which Dr. 
Dick concludes that such spots could not be less than 
50,000 miles in diameter. The observations of the 
writer, as above referred to, and represented on the map, 
would go to cpnfirm this deduction, and to assign a still 
creater magnitude to some of these curious and intereet- 
ing phenomena. 

Lesson 105. 

REVOLimON OF THE SUN UPON HIS AXIS. 

(Map 4.) 

The axis of the sun is inclined to the ecliptic 7^^, oi 
more accurately 7^ 20^. This is but a slight deviatkn 
from what we may call a perpendicular, so that in rela- 
tion to the earth, he may be considered as standing ap 
and revolving with one of his poles resting upon a point 
just half his diameter below the ecliptic. The proof ot 
his revolution is the same as that by which we determine 
the revolution of the planets, namely, the passage of spots 
over his disc. He revolves in the same direction in 
which the planets revolve around him, and the time oo* 
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cupied in making a complete sidereal revolution is 25 
days 10 hours. But when a particular spot has arrived 
opposite any particular star from which it started, in the 
direction of which the earth was 25 days and 10 hours 
before, the earth is found to have advanced some 24°, or 
1,700,000 miles in her orbit ; and the sun must actually 
turn a little more than once round, to appear to make a 
complete revolution to a beholder on the earth. His 9y» 
nodic revolution consequently requires 27 days 7J hours^ 
or near 46 hours more time than his sidereal revolution. 

Lesson 106. 

DIRECTION, MOTIONS, AND PHASES OF THE SOLAR SPOTS. 

(Map 4.) 

As the result of the sun's motion upon his axis, his 
spots always appear first on his eastern limb, and pass off 
or disappear on the west. But though the direction of 
the spots, as viewed from the earth, is from east to west, 
it only proves his motion to coincide with that of the 
earth, which we call from west to east; as when two 
spheres revolve in the same direction, the sides towards 
each other will appear to move in opposite directions. 
During one half of the passage of the spots across the 
sun's disc, their apparent motion is accelerated ; and du- 
ring the remainder it is retarded. 

This apparent irregularity in the motion of the spots 
upon the sun's surface, is the necessary result of an 
equable motion upon the surface of a globe or sphere. 
When near the eastern limb, the spots are coming partly 
towards us, and their angular motion is but slight ; but 
when near the centre, their angular and real motions are 
equal. So, also, as the spots pass on to the west, it is 
their angular motion only that is diminished, while the 
motion of the sun lipon his axis is perfectly uniform. 

The figure of the sun affects not only the apparent 
velocity of the spots, but also tljeir forms. When first 
seen on the east they appear narrow and slender, as 
represented on the left of Fig. 1. As they advance 
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westward, they continue to widen or enlarge till they 
reach the centre, where they appear largest, when they 
again begin to contract, and are constantly diminished 
till they disappear. 

Another result of the revolution of the sun upon an 
axis inclined to the ecliptic, and the revolution of the 
earth around him, is, that when viewed from our move- 
able observatory, the earth, at different seasons of the 
year, the direction of the spots seems materially to vary. 
This fact is illuttrated by Fig. 2. In June we have, so 
to speak, a side view of the sun, his pole being inclined 
to the left. Of course, then, as he revolves, his spots will 
appear to ascend in a straight line. In September we 
have passed around in our orbit, to a point opposite the 
south pole of the sun, and the spots seem to curve up- 
ward. In December we have another side view of the 
sun, but we are opposite the point from which we had our 
first view, and on the other side of the ecliptic^ The re- 
sult is, that the poles of the sun are now inclined to the 
right; and the spots, in passing over his disc, incline 
downward. In March, we reach a point opposite the 
south pole of the sun, and the spots in revolving seem to 
curve downward. The polar inclination of the sun, as 
given in the figure, is greater than it actually is in nature, 
(see Lesson 49 and Map 8 ;) the present design being 
merely to illustrate the principle upon which we account 
for the peculiar motion of the solar spots. 

Lesson 107« 

PHYSICAL CONSTITUTION OF THB SUN. 

Concerning the physical nature of the sun, very little 
is known. As before said, it appears, when seen through 
a telescope, like a globe of fire, in a state of violent com- 
motion or ebullition. La Place believed it to be in a 
state of actual combustion, the spots being immense cav- 
ems or craters, caused by eruptions or explosions of 
elastic fluids in the interior. 

The most probable opinion is, that the body of the sun 
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is opaque, like one of the planets ; that it is surrounded 
by an atmosphere of considerable depth ; and that the 
light is sent off from a luminous stratum of clouds, float- 
ing above or outside the atmosphere. This theory accords 
best with his density, and with the phenomena of the so- 
lar spots. 

Of the temperature of the sun's surface, Dr. Herschel 
thinks that it must exceed that produced in furnaces, or 
even by chemical or galvanic processes. By the law rel- 
ative to the diffusion of light (Lesson 12) he shows that 
a body at the sun's surface must receive 300,000 times 
the light and heat of our globe ; and adds that a far less 

Siuantity of solar light is sufficient, when collected in the 
ocus of a burning-glass, to dissipate gold and platina into 
vapor. 

The same writer observes that the most vivid flames 
disappear, and the most intensely ignited solids appear 
only as black spots on the disc of the sun, when held be- 
tween him and the eye. From this circumstance he in- 
fers that however dark the body qf the sun may appear, 
when seen through its spots, it may, nevertheless, be in a 
state of most intense ignition. It does not, however, follow 
of necessity that it must be so. The contrary is at least 
physically possible. A perfectly reflective canopy would 
efiectually defend it from the radiation of the luminous re-. 
gions above its atmosphere, and no heat would be conducted 
downward through a gaseous medium increasing rapidly 
in density. 

The great mystery, however, is to conceive how so 
enormous a conflagration (if such it be) can be kept up 
from age to age. Every discovery in chemical science 
here leaves us completely at a loss, or rather seems to 
remove farther from us the prospect of explanation. If 
conjecture might be hazarded, we should look rather to 
the known possibility of an indefinite generation of heat 
by friction, or to its excitement by the electric discharge, 
than to any actual combustion of ponderable fluid, whether 
solid or gaseous, for the origin of the solar radiation.* 

* Henchers Treatise on Astronomy. 
13 
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Lesson 108« 

THE ZODIACAL LIGHT. 

The Zodiacal Light is a faint nebulous light, resem- 
bling the tail of a comet, or the milky-way, which seems 
to be reflected from the regions about the sun ; and is 
distinguishable from ordinary twilight. Its form is that 
of a pyramid or cone, with its base towards the sun, and 
inclined slightly to the ecliptic. It seems to surround 
the sun on all sides, though at various depths, as it may 
be seen in the morning preceding the sun, as well as in 
the evening following him ; and the bases of the cones 
where they meet at the sun, are much larger than his 
diameter. 

The form of this substance surrounding the sun, and 
which is sufficiently dense to reflect his light to the 
earth, seems to be that of a lens ; or rather that of a 
huge wheel, thickest at the centre, and thinned down 
to an edge at the outer extremities. Its being seen 
edgewise, and only one-half at a time, gives it the ap- 
pearance of two pyramids with their bases joined at the 
sun. 

Of the nature of this singular phenomenon very little 
is positively known. It was formerly thought to be the 
atmosphere of the sun. Prof. Nichol says : — Of this at 
least we are certain — ^the Zodiacal Light is a phenom- 
enon precisely similar in kind to the nebulous atmo- 
spheres of the distant stars, &c. Sir John Herschel re- 
marks, that it is manifestly of the nature of a thin 
lenticularly-formed atmosphere, surrounding the son, 
and extending at least beyond the orbit of Mercury, and 
even of Venus. He gives the apparent angular dis- 
tance of its vertex from the sun, at from 40° to 90*^ ; 
and the breadth of its base from 8° to 30°. It sometimes 
extends 50° westward, and 70° east of the sun at the 
same time. 

In regard to its atmospheric character. Dr. Dick ob- 
serves, that this opinion now appears extremely dubious ; 
and Prof. Olmsted refers to La Place, as showing thai 
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thft solar ati/iosphere could never reach so far from the 
sun as this light is seen to extend. 

Another class of astronomers suppose this light, or 
rather the substance reflecting this light, to be some of 
the original matter of which the sun and planets were 
composed — a thin nebulous substance in a state of con- 
densation, and destined either to be consolidated into new 
planetary worlds, during the lapse of coming ages, or to 
settle down upon the sun himself as a part of his legiti- 
mate substance. This theory will be noticed again when 
we come to speak of Nebulee and Nebulous Stars, in the 
second part of this work. 

Prof Olmsted supposes the Zodiacal Light to be a 
nebulous body, or a thin vapory mass revolving around 
the sun ; and that the Meteoric Showers, which have oc- 
curred for several years, in the month of November, may 
be derived from this body. This is the opinion of Arago, 
Biot, and others. 

The best time for observing the 2^iacal Light is on 
clear evenings, in the months of March and April. It 
may be seen, however, in October, November, and De- 
cember, before sunrise ; and also in the evening sky. 

It is an interesting fact, stated by Prof Nichol, that 
this light, or nebulous body, lies in the plane of the sun's 
equator. A line drawn through its transverse diameter, 
or from one apex of the pyramids to the other, would 
cross the axis of the sun at right angles. This fact 
would seem to indicate a revolution of this curious sub- 
stance with the sun upon his axis. 

But, as already stated, the subject of the Zodiacal 
Light is in an unsettled state. Afler considering the 
various facts and theories stated, the learner must wait 
till future observations and discoveries shall furnish some* 
thing upon this point more definite and satisfactory* 

Lesson 109« 

MOTION OF THE SUN IN SPACE. 

Although in general terms we speak of the sun as the 
fixed' centre of the Solar System, still the sublime and 
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astonishing fact has been ascertained, that the sun, and 
the whole Solar System, have an actual motion in space* 
Indeed the sun may be said to have three distinct motions. 

1. It has a revolution upon its own axis, once in 25 
days 9^ hours, as described in Lesson 105. 

2. *'h has a periodical motion, in nearly a circular 
direction, around the common centre of all the planetary 
motions ; never deviating from its position by more thaa 
twice its diameter." From the known laws of gravita- 
tion, it is certain that the sun is afiected in some measure 
by the attraction of the planets, especially when many of 
them are found on the same side of the ecliptic at the 
same time ; but this would by no means account for so 
great a periodical motion. 

3. It is found to be moving, with all its retinue of 
worlds, in a vast orbit, around some distant and unknown 
centre. This opinion was first advanced, we think, by Sir 
William Herschel ; but the honor of actually determining 
this interesting fact belongs to Struve, who ascertained 
not only the direction of the sun and Solar System, but 
also their velocity. The point of tendency is towards the 
constellation of stars called Hercules, Right Ascension 
259°, Declination 35^. See Lessons 47, 48. The veloci- 
ty of the sun, dec, in space, is estimated at about 28,000 
miles per hour, or nearly 8 miles per second ! 

With this wonderful fact in view, we may no longer 
consider the sun as fixed and stationary, but rather as a 
vast and luminous planet^ sustaining the same relation to 
some central orb, that the primary planets sustain to him, 
or that the secondaries sustain to their primaries. Nor 
is it necessary that the stupendous mechanism of nature 
should be restricted even to these sublime proportions. 
The sun's central body may also have its orbit, and its 
centre of attraction and motion, and so on, till, as Dr. 
Dick observes, we come to the great centre of all — to the 
Throne of God. 

Since the above was written an article has appeared in 
several European journals, announcing the probable dis- 
covery of the sun's central orb ; the inclination of Us 
orbit to the plane of the ecliptic ; and his periodic Hme! 
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As it contains several interesting calculations, and is 
otherwise a remarkable paper, it is here copied for the 
benefit of the student. 

THE CENTRAL SUN. 

At the close of the meeting of the Royal Irish Acad- 
emy, on the 14th of December, [1846,] Sir William 
Hamilton announced that he had just received from Pro- 
fessor Madler, of Dorpat, the extraordinary and ex- 
citing intelligence of the presumed discovery of a central 
sun ! 

By an extensive and laborious comparison of the 
quantities and directions of the proper motions of the 
stars in various parts of the heavens, combined with in- 
dications afforded by the parallaxes hitherto determined, 
and with the theory of universal gravitation, Professor 
Madler has arrived at the conclusion that the Pleiades 
form the central group of our whole astral or sidereal 
system, including the Milky Way and all the brighter 
stars, but exclusive of the more distant nebulae, and of 
the stars of which those nebulae may be composed. And 
within this central group itself he has been led to fix on 
the star Alcyone, (otherwise known by the name of 
s Tauri,) as occupying exactly or nearly the position of 
the centre of gravity, and as entitled to be called the 
central sun. 

Assuming Bessel's parallax of the star 61 Cygni, long 
since remarkable for its large proper motion, to be cor# 
rectly determined, Madler proceeds to form a first ap- 
proximate estimate of the distance of this central boay 
from the planetary or solar system ; and arrives at the 
(provisional) conclusion, that Alcyone is about thirty- 
four million times as far removed from us, or from our 
own sun, as the latter luminary is from us. It would, 
therefore, according to this estimation, be at least a million 
times as distant as the new planet, of which the theoreti- 
cal or deductive discovery has been so great and beautiful 
a triumph of modern astronomy, and so striking a confir- 
mation of the law of Newton. The same approximate 
determination of distance conducts to the result, that the 

13* 
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light of the central siin occupies more than five centuriei 
in travelling thence to us. 

The enormous orbit which our own sun, with the earth 
and the other planets, is thus inferred to be describing 
about that distant centre — not indeed under its infiueoce 
alone, but by the combined attractions of all the stars 
which are nearer to it than we are, and which are esti- 
mated to amount to more than one hundred and seventeen 
millions of masses, each equal to the total mass of our 
own Solar System — ^is supposed to require upwards of 
eighteen millions of years for its complete description, at 
the rate of about eight geographical miles in every second 
of time. 

The plane of this vast orbit of the sun is judged to have 
an inclination of about eighty-four degrees to the ecliptic, 
or to the place of the annual orbit of the earth ; and the 
longitude of the ascending node of the former orbit on the 
latter is concluded to be nearly two hundred and thirty- 
geven degrees. 



CHAPTER VIII. 

MISCELLANEOUS REMARKS UPON THE SOLAR SYSTEM. 

Lesson 110. 

NEBULAR THEORT OF THE ORIGIN OF THE SOLAR STSTBX. 

It was the opinion of La Place, a celebrated French 
astronomer, that the entire matter of the Solar System, 
which is now mostly found in a consolidated state, in the 
sun and planets, was once a vast nehuhf or gaseous va- 
por, extending beyond the orbits of the most distant 
planets — that in the process of gradual condensation, by 
attraction, a rotary motion was engendered and imparted 
to the whole mass — that this motion caused the consolida. 
ting matter to assume the form of various concentno 
rings, like those of Saturn ; and, finally, that these rings, 
collapsing, at their respective distances, and still retaining 
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their motion, were gathered up into planets, as they are 
now found to exist. This opinion is supposed to be fa- 
vored, not only by the fact of Saturn's revolving rings, 
but by the existence of the Zodiacal Light, or a resisting 
medium about the sun, (108,) and also by the character 
of irresolvable or planetary nebulee, hereafter to be de* 
scribed. 

On the other hand, the nebular theory is open to many 
plausible, if not insurmountable objections. 

1. It seems to be directly at variance with the Mosaic 
ftccount of the creation of the sun, moon, and stars. 
The idea that the sun and all the planets were made up^ 
10 to speak, out of the same general mass, not only 
throws the creation of this matter back indefinitely into 
eternity, but it substitutes the general law of attraction 
for the more direct agency of the Almighty. The crea- 
tion spoken of in the bible thus becomes, not the origina-' 
ting of things that did not previously exist, but the mere 
organizationy or arrangement of matter already existing. 
And as attraction — ^the supposed agency in this arrange- 
ment — is still in operation, the creation of all things is 
resolved into an ordinary, we might almost say, an every- 
day occurrence. 

2. The supposed consolidation of the nebulous mass, 
in obedience to the general law of attraction, does not of 
itself account for the rotary motion which is an essential 
part of the theory. Under the influence of mere attrac- 
tion, the particles must tend directly towards the centre 
of the mass, and consequently could have no tendency to 
produce a rotary motion during the process of conden- 
sation. 

8. The variation of the planetary orbits from the 
plane of the sun's equator, contradicts the Nebulax 
theory. If the several primary planets were succes- 
sively thrown off from the general mass, of which the 
sun is a part, they could not have been separated from 
the parent body, till they were near the plane of its 
equator. Now, as the sun is assumed to be a part ot 
the same mass, revolving still, the theory would require 
that the portions now separated from him and called 
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planets, should still revolve in the plane of his equator. 
But instead of this being a fact, it is found that some of 
them vary from this plane to the amount of near 42°. 
See Lessons 32 and 105, and the maps. 

4. This theory assumes not only that the primary 
planets were thrown off from the parent mass by its 
rapid revolution, but that the primaries in turn threw off 
their secondary planets or satellites. These of course, 
then, should all revolve in the plane of the planetary 
equators respectively, and in the direction in which their 
primaries revolve. But their orbits not only depart from 
the plane of the equators of their primaries, Jupiter's 
satellites excepted, (Lessons 70, 81, 82, 83,) but the 
moons of Herschel actually have a retrograde or hack" 
ward revolution. See 83. 

5. If the sun and planets are composed of what was 
originally the same mass, it will be necessary to show 
why they differ so materially in their physical nature — 
why the sun is self-luminous and the planets opaque, &c. 

But we have not room to discuss the subject at length 
in this treatise. It is but justice, however, to say, tfiat 
men eminent for learning and piety have advocated what 
is called the Nebular Theory^ in the belief that it was per- 
fectly consistent with the Mosaic account of the creation 
of the heavens and the earth. If the opinion of the wri- 
ter is desired, he is frank to state, that while he acknow- 
ledges the force of some of the considerations urged in 
its support, he has not yet seen reason for adopting this 
thory of the formation of the Solar System. 



Lesson 111. 

LAWS OF PLANETARY MOTION. 
(Map 7.) 

There are three general principles which govern 
the motions of all the planets. These were first discov- 
ered by Keplery a German astronomer, from whom they 



LAWS OF PLANETARY MOTION. 153 

have since been called Kepler's laws. They are as fol- 
lows: 

1. The orbits of the Earth, and all the Planets j are 
ELLIPSES, having the Sun in the common focus, 

" The ellipse is a curve, of an oval or elongated form, 
all the points of which lie in the same plane. The 
largest diameter of an ellipse is called the major, or 
Iransverse axis. It divides the curve into two equal 
parts. The foci are two points in the transverse axis, 
equally distant from the centre. If from any point of 
the curve two lines be drawn to the two foci, their sum 
will be equal to the transverse axis. Since the sun is 
in one of the foci of the elliptical orbit of a planet, the 
latter will, at different times, be at unequal distances 
from the sun." At whatever point in its orbit a planet 
may be, a line drawn from its centre to the centre of 
the sun, is called the radius vector. 

2. The radius vector, (or line dravm from the centre of 
the Sun to the centre of any Planet revolving around it,) 
describes equal areas in equal times. 

The nearer a planet is to the sun, the more rapid its 
motion, (19.) It follows, therefore, that if the orbit of 
a planet is an ellipse, with the sun in one of the foci, its 
rate of motion will be unequal in different parts of its 
orbit, — swiftest at perihelion, and slowest at aphelion. 
From perihelion to aphelion, the centripetal more direct- 
ly counteracts the centrifugal force, (20,) and the planet 
is retarded. On the other hand, from the aphelion to 
the perihelion point, the centripetal and centrifugal 
forces are united, or act in a similar direction. They 
consequently hasten the planet onward, and its rate of 
motion is constantly accelerated. 

Now suppose when the planet is at a certain point 
near its perihelion, we draw a line from its centre to the 
centre of the sun. This line is the radius vector. At 
the end of one day, for instance, after the planet has 
advanced considerably in its orbit, we draw another line 
in the same manner to the sun's centre, and estimate the 
area between the two lines. At another time when the 
planet is near its aphelion, we note the space over which 
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the radius vector travels in one day, and estimate its 
area. On comparison it will be found, that notwith- 
standing the unequal velocity of the planet, and con. 
sequently of the radius vector, at the two ends of the 
ellipse, the area over which the radius vector has 
travelled is the same in both cases. The same principle 
obtains in every part of the planetary orbits, whatever 
may be their ellipticity or the mean distance of the 
planet from the sun ; hence the rule, that the racUtu vector 
describes equal areas in equal times,* 

3. The squares of the periodic Umes are as the cubes of 
the mean distances from the Sun. 

"Take, for example, the earth and Mars, whose 
periods are 365.2564 and 686.9796 days, and whose 
distances from the sun are in the proportion of 1 to 
1.52369; and it will be found that 

(365.2564)2 : (686.9796)2 : : (1)» : (1.52369)». 

" The mass of the earth being far smaller than that of 
the sun, the moon describes a proportionally smaller area 
round it in a moment of time. 

" So, Herschel, Saturn, and Jupiter having greater masses 
than the earth, their satellites make greater areas round 
their primaries, in a moment of time, than our moon does 
round the earth. Still, this third law of Kepler prevails 
in each secondary system. Among the satellites of the 
same system, the squares of the periodical times are al- 
ways as the cubes of their mean distances from the pri- 
mary of the system." 

According to these laws, which are known to prevail 
throughout the Solar System, many of the facts of astron- 
omy are deduced from other facts previously ascertained. 
They are, therefore, of great importance ; and should be 
studied till they are, at least, thoroughly understood, if 
not committed to memory. The first is illustrated m 
several of the maps, and, as before said, the ingenious 
teacher will readily illustrate the second by a simple 
diagram upon a slate, or black-board. It would be a verj 
useful exercise for the pupil to test the table in which tlM 
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distances and periodic times are given, by this third law. 
See Lessons 8 and 18. 



Lesson 113. 

MINIATURE REPRESENTATION OF THE SOLAR SYSTEM. 

At the close of his remarks on the Primary Planets,* 
Sir John Herschel has a most graphic and interesting 
description of the Solar System in miniature, which is 
here inserted for the perusal of the learner. 

Choose any well-levelled field or bowling-ereen. On 
it place a globe two feet in diameter : this wul represent 
the Sun ; Mercury will be represented by a grain of 
mustard -seed, on the circumference of a circle 164 feet 
in diameter for its orbit ; Venus a pea, on a circle 284 
feet in diameter ; the Earth also a pea, on a circle of 
430 feet ; Mars a rather large pin's head, on a circle of 
654 feet ; Vesta, Juno, Ceres, and Pallas, [also Astreea,] 
grains of sand, in orbits of 1000 to 1200 feet ; Jupiter a 
moderate-sized orange, on a circle nearly half a mile 
across ; Saturn a small orange, on a circle of four-fiflhs 
of a mile ; and Herschel a full-sized cherry, or small 
plum, upon a circumference of a circle more than a mile 
and a half in diameter. ***** 

To imitate the motions of the planets, in the above- 
mentioned orbits. Mercury must revolve in its orbit in 41 
seconds ; Venus in 4 min. 14 sec. ; the Earth in 7 min. ; 
Mars in 4 min. 48 sec. ; Jupiteif in 2 h. 56 min. ; Saturn 
in 3 h. 13 min. ; and Herschel in 2 h. 16 rain. 

So far as relative magnitude is concerned, it will be 
easy to discover the general accuracy of Maps 2 and 4, 
according to the representations of Dr. Herschel, as above 
quoted. It is proper, however, to remark, that the maps 
were drawn by the author by a regular and exact scale, 
without any reference to the foregoing, or any recollec- 
tion of its existence. 

* Treatise, p. 271. 
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Lesson 11 3. 

WERE THE ASTEROIDS ORIGINALLY ONE PLANET ? 

1. Some very curious speculations have been enter- 
tained by astronomers in regard to the origin of the As- 
teroids. As in the case of the recently discovered planet 
Le Verrier, the existence of a large planet between the 
orbits of Mars and Jupiter was sitspecied before the As- 
teroids were known. This suspicion arose mainly from 
the seeming chasm that the absence of such a body would 
leave in the otherwise well-balanced Solar System. 

2. The prediction that such a body would be discovered 
in the future stimulated the search of astronomers, till at 
length, instead of one large planet. Jive small ones were 
one after another discovered. For the time of their dis- 
covery, see Lesson 67. 

3. From certain peculiarities of the Asteroids, it has 
been considered highly probable that they were originally 
one large planet, which had been burst asunder by some 
great convulsion or collision, and of which they are the 
fragments. The grounds of this opinion are as follows: 

(1.) The Asteroids are much smaller than any of the 
other primary planets. Lesson 14. 

(2.) They are all at nearly the same distance from the 
8un, as will be seen by Lesson 8. 

(3.) Their periodic revolutions are accomplished in 
nearly the same time. (Lesson 18.) The difference of 
their periodic times is not greater than might result from 
the supposed disruption, as the parts thro wnybnrard would 
have their motion acceleratedy while the other parts would 
be thrown hack or retarded ; thus changing the periodic 
times of both. 

(4.) The great departure of the orbits of the Asteroids 
from the plane of the ecliptic is supposed to favor the 
hypothesis of their having been originally one planet, the 
assumption being that the explosion separating the ori- 
ginal body into fragments would not only accelerate some 
portions and retard others, but would also throw them out 
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of the plane of the original orbit, and* in some cases still 
further from the ecliptic. 

(5.) Their orbits are more eccentric than those of the 
other primaries, (46.) Although the table shows the 
eccentricity of Herschel's orbit as greater in miles than 
that of even Juno or Pallas, yet when we consider the 
difierence in the magnitude of their orbits, it will easily 
be seen that his orbit is less elliptical than theirs. 

(6.) The orbits of Ceres and Pallas, at least, cross each 
other, as shown in Map 2. This, if we except perhaps 
the orbits of the comets, is a perfect anomaly in the Solar^ 
System. 

From all these circumstances, it has been concluded 
that the Asteroids are only the fragments of an exploded 
world, which have assumed their present forms since the 
disruption, in obedience to the general laws of gravita- 
tion. This theory of Dr. Olbers, is favored by Prof. 
Nichol, Dr. Brewster, Dr. Dick, and others ; while Sir 
John Herschel observes that it may serve as a specimen 
of the dreams in which astronomers, like other specula- 
tors, occasionally and harmlessly indulge.* Dr. Dick 
remarks, that the breaking up of the exterior crust of the 
earth, at the time of the general deluge, was a catas- 
trophe as tremendous and astonishing as the bursting 
asunder of a large planet.f 

The late General Root, of Delhi, was of opinion that 
the Asteroids were primarily satellites of Mars ; which, 
as if dissatisfied with their low condition as mere attend- 
ants upon another, and one, too, not much larger than 
themselves, have wandered from their original spheres, 
and assumed the character of primaries. The reasons for 
this opinion, as stated to the author by Gen. Root, in the 
fall of 1846, are quite as satisfactory as the evidences by 
which the theory of Dr. Olbers is supported. But this is 
not endorsing either the one or the other. Indeed, in view 
of the harmony and order that everywhere reign through- 
out the planetary regions, directing the pathway and con- 
trolling the destiny of every world, it is hard to believe 

* Treatise, p. 163. t Celestial Scenery, p. 140 

14 
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that any planet has either been broken to pieces by some 
mighty explosion or concussion, or wandered from its 
prescribed path into a new and essentially different orbit 



Lesson 114. 

ARE THE PLANETS INHABITED BT RATIONAL BEINGS ? 

Upon this interesting question, it must be admitted, 
that we have no positive testimony. The argument in 
the affirmative is based wholly upon analogies, and the 
conclusion is to be regarded only in the light of a legiti- 
mate inference. Still, it is remarkable that those who 
are best acquainted with the facts of astronomy are 
most confident that other worlds, as well as ours, are the 
abodes of intellectual life. Indeed, as Dr. Dick well re- 
marks, it requires a minute knowledge of the whole 
gcenery and circumstances connected with the planetary 
system, before this truth comes home to the understand- 
ing with full conviction. 

It is not proposed, in this lesson, to discuss at length 
the question of a plurality of worlds, but merely to give 
the heads of the arguments by which this doctrine is 
supported, leaving the reader to amplify them by reflec- 
tion, or to pursue the inquiry, at his leisure, in more 
elaborate works. Perhaps no writer has done better jus> 
tice to this subject than Dr. Dick,* to whom we are in- 
debted for many of the arguments with which this lesson 
is enriched. 

1. The planets are all solid bodies resembling the 
earth, and not mere clouds or vapors. 

2. They all have a spherical or spheroiddl figure, like 
our own planet. 

3. The laws of gravitation, by which we are kept upon 
the surface of the earth, prevail upon all the other planets, 
as if to bind races of material beings to their surfaces, and 
provide for the erection of habitations and other conye- 
niences of life. 

• Celestial Scenery, pp. 331-^63 
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4. The magnitudes of the planets are such as to afibrd 
ample scope ror the abodes oi myriads of inhabitants. It 
is estimated that the solar bodies, exclusive of the comets, 
contain an area of 78,000,000,000 of square miles ; or 
897 times the surface of our globe. According to the 
population of England, this vast area would afford a resi- 
dence to 21,875,000,000,000 of inhabitonts ; or 27,000 
times the population of our globe. 

5. The planets have a diurnal revolution around their 
axes, thus afl^rding the agreeable vicissitudes of day and 
night. Not only are they opaque bodies like our globe, 
receiving their light and heat from the sun, but they also 
revolve so as to distribute the light and shade alternately 
over each hemisphere. There, too, the slorious Sun 
arises, to enlighten, warm, and cheer ; and there " the 
sun-strown firmament" of the more distant heavens is 
rendered visible by the no less important blessing of a 
periodic night. 

It is very remarkable, also, that those planets whose 
bulks are such as to indicate an insupportable attractive 
force, are not only less dense than our globe, but they 
have the most rapid daily revolution ; as if by diminished 
density, and a strong centrifugal force combined, to re* 
duce the attractive force, and render locomotion possible 
upon their surfaces. 

6. All the planets have an annual revolution round the 
sun ; which, in connection with the inclination of their 
axes to their respective orbits, necessarily results in the 
production of seasons. 

7. The planets, in all probability, are enveloped in at- 
fnospheres. That this is the case with many of them is 
certain ; and the fact that a fixed star or any other orb 
is not rendered dim or distorted when it approaches their 
margin, is no evidence that the planets have no atmo- 
sphere. This appendage to the planets is known to vary 
in density ; and in those cases where it is not detected 
by its intercepting or refracting the light, it may be of a 
nature too clear and rare to produce such phenomena. 

8. The principal primary planets are provided with 
moons or satelUieSf to afford them light in the absence of 
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the sun. It is not improbable that both Mars and Veous 
have each, at least, one moon. The earth has one, and 
as the distances of the planets are increased, the number 
of moons seems to increase. The discovery of only six 
around Herschel is no evidence that others do not exial 
which have not yet been discovered. 

9. The surfaces of all the planets, primaries as well 
as secondaries, seem to be variegated with Mil and ddUf 
with mountain and 'plain. 

Every part of the globe we inhabit is destined to th« 
support of animal life. It would, therefore, be contrary 
to the analogy of nature, as displayed to us, to suppose 
that the other planets are empty and barren wastes, ut- 
terly devoid of animated being. The inquiry presses 
itself upon the mind with irresistible force. Why ^odd 
this one small world be inhabited, and all the rest uno&> 
cupied ? For what purpose were all these splendid audi 
magnificent worlds fitted up, if not to be inhabited ? Why 
these days and years — ^this light and shade — these atmo> 
spheres, and seasons, and satellites, and hill and dftlet 
The legitimate, and almost inevitable conclusion is, HoA 
our globe is only one of the many worlds which God )m 
created to be inhabited, and which are now the abodes rf 
his intelligent ofispring. It is revolting to suppose th4 
we of earth are the only intelligent subjects of dn 
•* Great King," whose dominions border upon infinity. 
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THE SIDEREAL HEAVENS. 



CHAPTER I. 

■ # 

OF CONSTELLATIONS OF STARa 

Lesson 115. 

DISTINGUISHING CHARACTERISTICS OF THE FUED STARS. 

i" The Sidereal Heavens embrace all those celestial bod- 
'•i«8 that lie around and beyond the Solar System, in the 
.'^lapegion of the F\xed Stars. 

^.;-i*" The Fixed Stars are distinguished from the Solar Bodies 
.■' iy the following characteristics : 

XV 1- They shine hy their ovm light, like the sun, and not 
i; Tty reflection. 

'.", 1 2. To the naked eye they seem to twinkle or sdntiU 
**■ iaU ; while the planets appear tranquil and serene. 
:!. 8. They maintain the same general positions with re- 
'<'4ipect to each other, from age to age. 

4. They are inconceivably distantf so that when view- 
•' id through a telescope they present no sensible disc, but 
, ftppear only as shining points on the dark concave of the 

.Ay. 
1 • To these might be added several other peculiarities 
^^ which will be noticed in the sequel, but they are not ne- 
cessary to our present purpose. 

^ 

Lesson 116. 

CLASSIFICATION OF THE STABS. 

(Map 16.) 

For purposes of convenience in finding or referring to 
particular stars, recourse is tiad to a variety of artificial 

^4* 
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methods of classification, with which the pupil should here 
become acquainted. 

1. The whole concave of the heavens is divided* into 
sections of greater or less extent, called Coruiellatums. 
For the origin of these most unnatural and arbitrary di- 
visions, consult Lesson 36. A list of the constellations 
will be found in a subsequent chapter. 

2. The stars are all classed according to their magfti' 
tudes. There are usually reckoned twelve different 
magnitudes, of which the first six only are visible to the 
naked eye, the rest being telescopic stars. This magni- 
tude, of course, relates only to their apparent brightness, 
as the faintest star may appear dim solely on account of 
its immeasurable distance. 

Fig. A on the map is a representation of the first eight 
magnitudes, the two smallest of which will be invisible 
to the pupil at a distance. " It must be observed," says 
Dr. Herschel, " that this classification into magnitudes is 
entirely arbitrary. Of a multitude of bright objects, difl 
fering, probably, intrinsically both in size and in splendor, 
and arranged at unequal distances from us, one must of 
necessity appear the brightest ; the one next below it 
brighter still, and so on." 

3. The next step is to classify the stars of each constel" 
lotion according to their magnitude in relaUon to each 
other, and without reference to other constellations. In 
this classification the Greek alphabet is first used. For 
instance, the largest star in Taurus would be marked (a) 
Alpha ; the next largest (^) Beta ; the next {y) Gamma, 
&c. When the Greek alphabet is exhausted, the Roman 
or English is taken up ; and when these are all absorbed, 
recourse is finally had to figures. 

4. To aid still further in finding particular stars, and 
especially in determining their numbers, and detecting 
changes, should any occur, astronomers have constructed 
Catalogues of the stars, one of which is near 2,000 years 
old. 

5. §|everal of the principal stars have a specific name 
like the planets ; as Siritis, Aldebarany Regulus, &;c. 

6. Clusters of stars in a constellation sometimes re- 
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oeive a specific name, as the Pleiades and Hyades m 
Taurus. 

7. The stars are still further distinguished into Double, 
Triple, and Quadruple stars ; Binary System ; Variable 
Stars ; Periodic Stars ; Nebulous Stars, &;c. ; all of 
which will be duly noticed as we proceed. But we must 
first consider the more general divisions of the starry 
heavens. 

Lesson 117. 

NUMBBE OF THE FIXED STAES. 

The actual number of the stars is known only to Him 
who " telleth the number of the stars," and " calleth them 
all by their names." The powers of the human mind are 
barely sufficient to form a vague estimate of the number 
near enough to be seen by our best telescopes, and here 
our inquiries must end. 

The number of stars down to the twelfth magnitudei 
has been estimated as follows : 



Visible to 
the naked 
eye, 



Visible 
only thro' 
tel'scopes. 



" 1st magnitude. 


18 




2d 


(( 


52 




3d 


a 


177 




4th 


u 


876 




5th 


it 


1,000 




, 6th 


it 


4,000 


5,628 






r 7th 


a 


26,000 




8th 


a 


170,000 




9th 


a 


1,100,000 




10th 


a 


7,000,000 




11th 


it 


46,000,000 




. 12th 


a 


300,000,000 


354,296,000 







Total number, 354,301,628 

Of these stars. Dr. Herschel remarks that from 1^5^000 
to 20,000 of the first seven magnitudes are already regit- 
tered, or noted down in catalogues ^ and Prof. Olmsted 



164 DISTANCES OF THE STABS. 

observes that Lalande has registered the positions of no 
less than 50,000. 

" If we suppose," says an eloquent writer, " that each 
of these suns is accompanied only by as many planets as 
are embraced in our Solar System, we have five tJiousand 
millions of worlds in our firmament. No human mind 
can form a conception of this number ; but even these, as 
will hereafter be shown, form but a minute and compara. 
tively insignificant portion of the boundless empire which 
the Creator has reared, and over which he reigns. Eter- 
nal ages may glide joyfully along, as the Christian ex- 
plores these wonderful worlds, of every variety of form 
and character, and partakes of the hospitalities of their 
blissful inhabitants. It is pleasant to tread the pavements 
of a foreign city — to traverse the glaciers of the Alps — 
to glide over the surface of the Nile in the midst of the 
mouldering remains of its past grandeur ; but what are 
all these, compared to the journey of a rejoicing spirit to 
these sublime mansions of the Deity V 

Lesson 118* 

DISTANCES OF THE STARS. 

It has been demonstrated that the nearest of the fixed 
stars cannot be less than 20,000,000,000,000— ^toeit/y 
billions of miles distant ! For light to travel over this 
space at the rate of 200,000 miles per second, would re- 
quire 100,000,000 seconds, or upwards of three years. 

What then must be the distances of the telescopic 
stars, of the 10th and 12th magnitudes? "If we admit," 
says Dr. Herschel, " that the light of a star of each mag- 
nitude is half that of the magnitude next above it, it will 
follow that a star of the first magnitude will require to 
be removed to 362 times its distance, to appear no lai^ei 
than one of the twelfth magnitude. It follows, therefore, 
that among the countless multitude of such stars, visible 
in telescopes, there must be many whose light has taken 
at least a thousand years to reach us ; and that when we 
observe their places, and note their chancres, we are, in 
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^t, reading only their history of a thousand years' 
date, thus wonderfully recorded." 

Should such a star be struck out of existence now, its 
light would continue to stream upon us for a thousand 
years to come; and should a new star be created in 
those distant regions, a thousand years must pass away 
before its light could reach the Solar System, to apprize 
us of its existence. 



Lesson 119. 

MAGNITUDE OF THE STARS. 

From what we have already said respecting the almost 
mconceivable distances of the fixed stars, it will readily 
be inferred that they must be bodies of great magnitude, 
in order to be visible to us upon the earth. It is probable, 
however, that " one star differeth from another" in its in- 
trinsic splendor or " glory," although we are not to infer 
that a star is comparatively small, because it appears 
small to us. 

The prevailing opinion among astronomers is, that 
what we call the fixed stars are so many suns, and 
centres of other systems. By a series of experiments 
upon the light received by us from Sirius, the nearest of 
the fixed stars, it is ascertained that if the sun were re- 
moved 141,400 times his present distance from us, or 
thirteen billions of miles, his light would be no stronger 
than that of Sirius ; and as Sirius is more than twenty 
billions of miles distant, he must, in intrinsic magnitude 
and splendor, be equal to two suns like ours. Dr. 
Wollaston, as cited by Dr. Herschel, concludes that this 
star must be equal in intrinsic light to nearly fourteen 
stins! 

According to the measurements of Sir Wm. Herschel, 
the diameter of the star Vega in the Lyre, is 38 times 
that of the sun, and its solid contents 54,872 times 
greater ! The star numbered 61 in the Swan, is esti- 
mated to be 200,000,000 miles in diameter. 

Sir John Herschel states that while making observa- 



2d 


u 


25 


3d 


u 


13 


4th 


u 


6 


5th 


u 


2 


6th 


u 


1 
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tions with his forty-feet reflector, a star of the first ma^. 
nitude was unintentionally brought into the field of view. 
'^Sirius/' says he, *' announced his approach like the 
dawn of day ;" and so great was his splendor when thus 
viewed, and so strong was his light, that the great as- 
tronomer was actually driven from the eye-piece of his 
telescope by it, as if the sun himself had suddenly bum 
upon his view. He was obliged to employ a colored 
screen, as in the case of solar observations, to protect his 
eye from the strong and glowing radiance. 

According to Sir Wm. Herschel, the relative light of 
the stars of the first six magnitudes is as follows : 

Light of a star of the average 1st magnitude 100 

U U it 

ti « M 

tt i€ ii 

M it U 

u u u 



Lesson 130« 

LIST OF THB CONSTELLATIONS. 

Of the nature and origin of the constellations we have 
already spoken in Lesson 36. Their formation has beeo 
the work of ages. Some of them were known at lea8t 
8,000 years ago, and bore the very names by which they 
are known to this day. In the 9th chapter of Job we 
read of " Arcturus, Orion, and Pleiades, and the chambers 
of the south;" and in the 38th chapter of the same book, 
it is asked, "Canst thou bind the sweet influences of 
Pleiades, or loose the bands of Orion ? Canst thou bring 
forth Mazzaroth in his season ? or canst thou guide 
Arcturus with his sons ?" 

At first the number of constellations was few. Being 
found convenient in the study of the heavens, new ones 
were added to the list, composed of stars not yet made 
up into hydras and dragons, till there is now scarcely 
stars or room enough left to construct the smallest new 
constellation, in all the spacious heavens. 



CONSTELLATIONS. 167 

The constellations are divided into the Zodiacal, the 
Northerriy and the Satdhem, 

The Zodiacal ConsteUaUont are those which lie in the 
sun's apparent path, or along the line of the Zodiac. 
See Lesson 36, and the map. 

The Northern Constellations are those which lie be- 
tween the Zodiacal and the North Pole of the heavens. 

The Southern Constellations lie between the 2«cxiiacal 
and the South Pole of the heavens. 

The constellations are also distinguished into ancieni 
and modem. The following is a list of all the constella- 
tions, both ancient and modern, with the number of prin- 
cipal stars in each, according to Ptolemy's Catalogue, 
and albo that of the Observatory Royal of Paris. 

I. 
ZODIACAL CONSTELLATIONS. 

Latin ni 



£iifflish nunM. 


Ptol'i. 


Ob.] 


The Ram. 


18 


42 


The Bull 


44 


207 


The Twins. 


25 


64 


The Crab. 


33 


85 


The Lion. 


35 


93 


The Virgin. 


32 


IIT 


The Scale. 


07 


67 


The Scorpion. 


27 


60 


The Archer. 


31 


94 


The Chat. 


28 


64 


The Water-bearer, 


45 


117 


The Fishes. 


38 


116 



1 T Aribi. 

2 e5 Taurus. 

3 n Gemini, 

4 fo Canceb. 

5 £[, Lsa 
4 tq; ViKGa 

7 ^z Libra* 

8 fTl Scorpio. 

9 / Saoittariob. 

10 V3 CAnUOORNOB. 

11 sz AafARiuB. 

13 ^ I ACES. 

II. 

NORTHERN CONSTELLATIONS. 

ANOIBIIT. 

13 Ubba MiifOB. The Little Bess 08 

14 Ubba Majob. The Great Bear. 34 87 

15 Draoo. The Dragon. 31 85 

16 Cbphbub. Cepheus. 13 58 

17 Bootes. Bootes. 23 70 



'^ 



168 



CONSTELLATIONS. 



Latin p»mB>. 

18 Corona Borbaui. 

19 Herculm* 
SO Ltra. 

21 Ctonus. 
23 Casmopbia. 

23 Perseus. 

24 Auriga. 

25 Ophiuohus. 

26 Saoitta. 

27 AauiiiA. 

28 Dei^phinus. 

29 EauuLBus* 

30 Pegasus. 

31 Antinous. 

32 Andromeda 

33 Triang. Borbaub. 

34 Coma Bbrbniobs. 



BaglUiiMUDe*. Ptol'a. Ob. I. 

fhe Northern Crown, 08 33 

Hercvles. 29 128 

The Harp, 10 21 

The Swan. 10 85 

Caeeiopeia, 13 60 

Perteut. 29 65 

The Charioteer, 14 69 

The Serpent-hearer. 29 61 

The Arrow. 05 18 

The EagU. 15 26 

The Dolphin. 10 19 

The Little Horee, 04 10 

Pegame, 20 91 

Antinoue. 15 28 

Andromeda, 23 71 

The North, Triang. 04 15 

Berenice** Hair, 35 43 



35 Leo Minor. 

36 Canes Venatioi. 

37 Sextans. 

38 Cerberus. 

39 Taurus Poniatowso 

40 Yelpboula et Ans. 

41 Laobrta. 

42 Triangula Minora. 

43 mubca borbaus. 

44 Tarandus. 

45 CuBTos Mbbbium. 

46 Camblopardalub. 

47 lilNZ. 



MODBBN. 

The Little Lion 
The Oreyhounde 
The Sextant 
Cerberue, 

Poniatoweki^e BuU, 
The Fox and Choee, 
The Lizard, 
The Little Triangle- 
The Northern Fly. 
The Reindeer, 
Hie Harvester, 
The Camelopard 
The Lynx, 



55 
38 
54 
13 
18 
35 
12 
04 
05 
19 
07 
69 
45 



III. 
SOUTHERN CONSTELLATIONS. 

ANCIENT. 



4S Cbtub. 
49 Eridanus. 



The Whale, 
The River Po, 



22 
34 



lOS 
85 
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Latin names. 


Eoclish namai. 


ptor* 


. Ob.IL 


50 Orion. 


Orion. 


38 


90 


51 Lkpub. 


The Hare, 


12 


20 


52 Canib Minoe. 


The Little Dog, 


02 


17 


53 Canis Major. 


The Cheat Dog, 


29 


54 


54 Aroo Natis. 


The Ship Argo, 


45 


117 


55 Hydra. • 


The Water Serpent, 


27 


52 


56 Cratcr. 


The Cup, 


07 


13 


57 CORVUB. 


The Crow, 


07 


10 


58 CsNTAURUt. 


The Centaur, 


37 


48 


59 Lupus.* 


The Wolf, 


19 


34 


60 Ara. 


The Altar. 


07 


08 


61 Corona Aubtraub. 


The Southern Crown. 


13 


12 


62 PiBciB Aubtraub. 


The Southern Fieh. 

MODERN. 


18 


24 


63 Fornax Chimica. 


The Chbtnie. Furn. 


_ 


39 


64 Reticut.ib Rhomb. 


The Rhonibed Net. 


— 


07 


65 Cbla Sculptoria. 


The Engraver^$ Tool 


— 


15 


66 Dorado vkl Xitph. 


The Sword-fish. 


— 


06 


67 COLUMBA NOACHI. 


The Dove. 


— 


02 


68 EauULEUS PiCT. 


The Painter^e Easel 


_— 


04 


69 MONOCEROB. 


The Unicom. 


.— 


31 


70 Pyxib Nautica. 


The Mariner's Compost 


r. — 


14 


71 AuTLiA Pneumat. 


The Air-pump. 


— 


22 


72 AVIB SOLIT. 


The Solitary Bird. 


— 


23 


73 Crux Aubtraub. 


The Southern Cross. 


.~ 


06 


74 MuBCA Aubtraub 


The Southern Fly. 


.— 


04 


75 Chameleonib. 


The Chameleon. 


—■ 


07 


76 Pibcis Volanb. 


The Flying-fish. 


.— 


06 


77 Telebcopium. 


The Telescope. 


— 


08 


78 HOROLOOIUM. 


The Pendulum, ^e. 


— 


23 


79 Norma Eucudib 


Euclid's Square. 


— 


15 


80 Circinub. 


The Compasses. 


— 


02 


81 Triang. Aubtraub. 


The Southern Triangle 


I. — 


05 


82 Ap. vel Av. Indica. 


The Bird of Paradise. 


— 


04 


83 MoNB Menba. 


Mount of Table Bay. 


— 


06 


84 Scutum Sobibbki. 


Sohiesky's Shield. 


— 


16 


85 Indus 


The Indian. 


— 


04 


86 Pavo. 


The Peacock, 
15 


— 


11 



-r^^ 
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Latin namM. 




English names. PtoPk. Ob.1. 


87 00T4N8. 




The Octant — 07 


88 MlCROSCOPIUM. 




The Microscope, — 08 


89 Grub. 




The Crane, — 12 


90 TOUOIUNA 




The Amer. Oooee, — 11 


91 Htdrub. 




The Wattr-enake, — 08 


92 Apparatus Sculp. 




The Sculptor' B Studio. — 28 


93 Ph(eniz. 




The Phanix. — 11 


RECAPITULATION. 


Zodiacal ConsteUations, 


12 


Principal starB, 1125 


Northern « 


35 


" " 1531 


Southern « 


46 


« « 1050 


Total, 


93 


Total, 3706 



Lesson 131. 

DESCRIPTION OF SOME OF THE PRINCIPAL CONSTELLATIONS. 

Although this work is designed particularly to Hlas- 
trate the Mechanism of the Heavens, as displayed iii the 
Solar System, we are desirous of furnishing the leamei 
with a sufficient guide to enable him to extend his inqui. 
lies and investigations, not only to the different classa 
of bodies lying beyond the limits of the Solar System, in 
the far-off heavens, but also to the Constellations as such. 
For this purpose we shall here furnish a brief description 
of the principal constellations visible in the United States, 
or in north latitude, by the aid of which the student will 
be able to trace them, with very little difficulty, upon that 
glorious celestial atlas which the Almighty has spread 
out before us. 

These descriptions are partly original, and partly from 
the writings of Olmsted and Burritt. 

ZODIACAL CONSTELLATIONS. 

The Constellations of the Zodiac, succeeding each 
Other in regular order eastward, and being more easily 
found on that account than others, should first be studied. 
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Abies is a small constellation known by two bright 
stars, about 4^ apart, which form the head. The bright- 
est is the most northeasterly of the two. 

Taurus will be readily found by the seven stars or 
Pleiades, which lie in his neck. The largest star in 
Taurus is Aldebaran, in the Bull's eye, a star of the first 
magnitude, of a reddish color, somewhat resembling the 
planet Mars. Aldebaran, and four other stars in the face 
of Taurus, compose the Hyades, They are so placed as 
to form the Ifetter V. 

Gemini is known by two very bright stars, Castor and 
PoUux, about five degrees apart. 

Cancer is less remarkable than any other constellation 
of the Zodiac. It has no stars larger than the third mag- 
nitude, and is distinguished for a group of small stars 
called the Nebula of Cancer, which is often mistaken for 
a comet. A common telescope resolves this nebula into 
a beautiful assemblage of bright stars. 

Leo is a large and interesting constellation, contain- 
ing an unusual number of very bright stars. Of these, 
Regultis is of the first magnitude, and lies directly in the 
ecliptic. North of Regulus are several bright stars in 
the form of a sickle, of which Regulus is the handle. 
Denehola is a bright star of the second magnitude, in the 
Lion's tail. It is about 25^ northeast of Regulus, and 
850 west of A returns. 

Virgo extends for some dists^nce from west to east, 
but contains only a few bright stars. Of these, Spica in 
the ear of corn which the Virgin holds in her left hand, 
is a brilliant star of the first magnitude. The rest of 
ner principal stars are of the third and fourth magni- 
tudes. 

Libra may be known by its four principal stars, form- 
ing a quadrilateral figure. The two brightest of these 
constitute the beam of the balance, and the smallest is in 
the top or handle. 

Scorpio is one of the most interesting and splendid of 
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the constellations. His head consists of five bright stars, 
forming the arc of a circle, and is crossed by the ecliptic 
near the brightest of the five. Nine degrees southeast is 
the star Antares, of a reddish color, and of the first raag. 
nitude. A number of small stars that curve around 
towards the east constitute the tail of Scorpio. 

Sagittaritts lies next to Scorpio, and may be known 
by three stars arranged in a curve, to represent the how 
of the Archer, the central star being the brightest, and 
having a bright star directly west of it, forming the head 
of the arrow. 

Capricornus lies northeast of Sagittarius, and may be 
known by two bright stars close together, which consti- 
tute the head. 

Aquarius is represented by the figure of a man pour- 
ing water out of a vessel. Its four largest stars are of 
the third magnitude. Two of these, which lie in a line 
with the brightest stars in Capricornus, constitute the 
head of the figure. 

Pisces, the last of the Zodiacal constellations, lies be- 
tween Aquarius and Aries. The Southern Fish consists 
of 24 visible stars, of which one is of the first meignitude, 
two of the third, and five of the fourth. The remaining 
16 axe smaller. The largest star is situated in the 
mouth of the Fish, and is called FomalhauU The 
Northern Fish consists wholly of small stars, and is con- 
nected with the Southern by a series of stars forming a 
ojrooked line between them. 
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NORTHERN CONSTELLATIONS. 

The Constellations of the Zodiac being first well 
learned, so as to be readily recognised, will lacilitate the 
learning of others that lie north and south of them. Let 
us, therefore, review the principal Northern ConsteUO' 
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Uons, beginning north of Aries and proceeding from west 
to east. 

Andromeda may be known by three stars of the 
second magnitude, situated in a straight line, and extend- 
ing from east to west. The figure is that of a woman, 
with her arms extended, and chained by her wrists to a 
rock. The middle star, of the three just named, is 
situated in her girdle, and is called Mirach. The one 
west of Mirach is in the head of Andromeda, and the 
eastern one, called Almaak, is in her left foot. The star 
in her head is in the Equinoctial Colure. The three 
largest stars in this constellation are of the second mag- 
nitude. Near Mirach are two stars of the third and 
fourth magnitudes, and the three in a row constitute the 
girdle. 

The loose assemblage of small stars directly south of 
Mirach, are the Northern Fish, already described. 

Perseus lies directly north of the Pleiades, and east 
of Andromeda. The figure is that of a man with a 
sword in his right hand, and the head of Medusa in his 
left. About 18°. from the Pleiades is Algol, a star of the 
second magnitude, in the head of Medusa ; and 9° north- 
east of Algol is Algenih, of the same magnitude, in the 
back of Perseus. It has, also, four stars of the third 
magnitude. 

Algol will be mentioned again, under the head of 
Variable Stars. 

Auriga {The Wagoner) is the figure of a man in a 
declining posture, resting one foot upon the horn of Tau- 
rus. It is north of Taurus and Orion, and directly east 
of Perseus. Capella, the principal star in this constella- 
tion, is one of the most brilliant in the heavens. It is in 
the west shoulder of Auriga, and may be known by a 
small triangle near it, formed by three small stars* 

The Lynx comes next in order, but presents nothing 
particularly interesting, as it contains no stars above the 
fourth magnitude, and even these are scattered over a 

15* 
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large space north of Gremini, and between Auriga and 
Ursa Major. 

Leo Minor is composed of a few small stars lying be- 
tween the sickle in Leo, and the Great Bear. 

Coma Berenices is a beautiful cluster of small stars, 
north of Denebolis, in the tail of the Lion, and north of the 
head of Virgo. It has but one star as large as the fourth 
magnitude. Cor Caroli, or Charles's Heart, is a bright 
star about 12^ directly north of Coma Berenices. 

Bootes is the figure of a man with a club in his 
right hand, with which he seems to be driving the Great 
Bear round the pole of the heavens. He is thence called 
the Bear Driver. Arcturus, situated near the left knee, 
is a star of the first magnitude, and of a reddish color. 
He is accompanied by three small stars, (his " sons,"*) 
which form a triangle a little to the southwest. A stat 
of the second magnitude is in the head of the figure, and 
two bright stars of the third magnitude form the shoulders. 

Corona Borealis {The Crown) is situated between 
Bootes on the west, and Hercules on the east. It con* 
sists of six principal stars, in the form of a wreath oi 
crown. 

Alphacca, the largest star of the group, is of the third 
magnitude, and may be known by its position in the cen- 
tre of the crown, as well as by its superior brightness. 

Hercules lies immediately east of the crown, and oc 
oupies a large space in the Northern hemisphere. The 
figure is that of a giant, with a large club in his right 
hand. The head is towards the south. 

This constellation is thickly set with stars, the lai^est 
of which is called Rasalgethi, in the head of the figure^ 
and is of the second magnitude. It has nine stars of the 
third magnitude, and nineteen of the fourth. 

Ophiuchus (The Serpent-hearer) is situated directly 
south of Hercules, with its centre nearly over the equa- 
tor, and nearly opposite to Orion. The figure is that oft 

* Job zxzviu. 32. 
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venerable-looking man, grasping a serpent in his hands, 
the Jiead of which consists of three bright stars, situated 
a little south of the crown. The folds of the serpent may 
be traced by a succession of bright stars extending for 
some distance to the east. 

The principal star in Ophiuchus is of the second mag- 
nitude, and is called Ras Alhague. It is situated in the 
head of the figure, and within 5^ of Rasalgethi, in the 
head of Hercules. 

AqniLA {The Eagle) is conspicuous for three bright 
stars in its neck, of which the central one, Altair^ is a 
brilliant white star of the first magnitude. Antinmi4t lies 
directly south of the Eagle, and north of the head of 
Capricornus. 

Delphintts (The Dolphin) is a beautiful little cluster 
of stars, a little to the east of the Eagle. It may be 
known by four principal stars in the head, of the third 
magnitude, arranged in the figure of a diamond, and 
pointing northeast and southwest. A star of the same 
magnitude, about 5^ south, makes the tail. 

Pegasus is a large constellation situated between the 
Dolphin and Eagle, on the west, and Andromeda and the 
Northern Fish, on the northeast. The figure is that of a 
winged horse, in an inverted posture. It may be known 
by four stars about 15^ apart, forming a square called the 
square of Pegasus. They are of the second and third 
magnitudes, and one of them, viz. Algenib, bears the 
same name as a star in Perseus. 

The Horse's Head is a small cluster of stars, west of 
the head of Pegasus, and about half way to the Dolphin. 
It contains ten stars, of which the four principal are only 
of the fourth magnitude. They form a long irregular 
square, the two in the nose being lo apart, and those in 
the eyes 2^^. These four stars are about l^ southeast 
of the diamond in the head of the Dolphin. 



We now come to notice the constellations around the 
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North Pole, and which are always above the horizcm in 
northern latitudes. 

Uesa Minoe {The Little Bear) is near the north pole 
of the heavens. It consists of the Pole Star, as it is call- 
ed, which forms the extremity of the tail, and six other 
principal stars, three of the third, and four of the fourth 
magnitudes. The seven together are arranged in the 
form of a dipper, with the role Star in the end of the 
handle. 

Uesa Majoe ( The Great Bear) may be known by the 
figure of a larger dipper, which constitutes the hinder 
part of the animal. This dipper, also, is composed of 
seven stars. The first, in the end of the handle, is called 
Benetnashy and is of the second magnitude. The next is 
Mizar, known by a minute star almost touching it, called 
Alcor, Mizar is a double star. The third in the handle 
is Alioth, The first star in the bowl of the dipper, at the 
junction of the handle, is Megrez, Passing to the bottom 
of the dipper we find Phad and Merak, while Dubhe 
forms the rim opposite the handle. Merak and Dubhe 
are called the Pointers ; because they always point to- 
wards the Pole Star. 

The head of the Great Bear lies far to the west jof the 
Pointers, and is composed of numerous small stars ; while 
the feet are severally composed of two small stars, very 
near to each other. 

Deaco (The Dragon) compasses a large circuit in the 

E>lar regions. He winds round between the Great and 
ittle Bear, and commencing with the tail, between the 
Pointers and Pole Star, it is easily traced by a succession 
of brieht stars extending from west to east ; passing under 
Ursa Minor, it returns westward, and terminates in four 
stars which form the head, near the foot of Hercules. 
These four stars are 3^, 4^, and 5^ apart, so situated as 
to form an irregular square ; the two upper ones being 
the brightest, and both of the second magnitude. 

Cepheus lies east of the breast of Draco, but has n- 
■tars above the second magnitude. The figure is that o« 
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a king, crowned, and with a sceptre in his left hand, 
which is extended towards Cassiopeia. 

Cassiopeia is a queen on a throne or chair, with her 
head and body in the Milky Way. The chair is com- 
posed of four stars, which form the legs, and two consti- 
tuting the back. Five of these are of the third magnitude. 

Lyra ( The Lyre) is distinguished by one of the bright- 
est stars in the northern hemisphere. It is situated eeist 
of Hercules, and between him and the Swan. Its largest 
star is Vega, or Alpha Lyra, and is of the first magnitude. 
It has two others of the second magnitude, and several 
of the fourth. 

Cygntts {The Swan) is situated directly east of Lyra. 
Three bright stars, which lie along the Milky Way, form 
the body and neck of the Swan ; and two others, in a line 
with the middle one of the three, constitute the wings. 
These five stars form a large cross. 

Arided, in the body of the Swan, is a star of the first 
magnitude, and the remaining ones of the constellation 
are of the third and fourth magnitudes. 

Camelopardalus {The Camelopard) is a large and un- % 
interesting field of small stars, scattered between Perseus, 
Auriga, the head of Ursa Major, and the Pole Star. Its ^ 
five largest stars are only of the fourth magnitude, the 
principal of which is in the thigh. The head of the ani- 
mal is near the pole. 

The Lynx also is composed of small stars, scattered 
over a large extent. It lies north of Gemini, and between 
Auriga and Ursa Major. Its three largest stars are ot 
the third magnitude. 

Lesson 133. 

SOUTHERN CONSTELLATIONS. 

The Southern Constellations are comparatively few lo 
number, though some of them aro very beautiful. 
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Cettts ( llie Whale) is the largest constellation in the 
heavens. It is situated below or south of Aries. It is 
represented with its head to the east, and extends 50^ 
east and west, with an average breadth of 20°. 

The head of Cetus may be known by five remarkable 
stars, 4° and 5° apart, and so situated as to form a regular 
pentagon, or five-sided figure. Menkar, of the second 
magnitude, in the nose of the Whale, is the largest star 
in the group, or in the constellation. 

Orion lies south of Taurus, and is one of the most 
conspicuous and beautiful of the constellations. The 
figure is that of a man in the act of assaulting the Bull, 
with a sword in his belt, and a club in his right hand. It 
contains two stars of the first magnitude, four of the 
second, three of the third, and fifteen of the fourth. Bt- 
ielguese fbrms the right, and Bettatrix the left shoulder. 
A cluster of small stars forms the head. Three small 
stars, forming a straight line about 3° in length, constitute 
the belt, called by Job " the Bands of Orion,'' They are 
sometimes called the Three Kings, becsLUse they point out 
the Hyades and Pleiades on the one hand, and Sirius on 
the other. A row of very small stars runs down from 
the belt, forming the sword. These, with the stars of 
the belt, are sometimes called the Ell and Yard. 

Miniika, the northernmost star in the belt, is less than 
J° south of the equinoctial. 

Rigel, a bright star of the first magnitude, is in the 
lefl foot, 15° south of Bellatrix ; and Saiph, of the third 
magnitude, is situated in the right knee, 81° east of 
Rigttl. 

Lepus (The Hare) is directly south of Orion. It may 
be known by four stars • of the third magnitude, in the 
form of an irregular square. Zeta, of the fourth magni. 
tude, is the first star, situated in the back, and about 
5° south of Saiph in Orion. About the same distance 
below Zeta are the four principal stars, in the legs and 
feet. 

CoLUMBA (Noah's Dove) lies about 16° south of Lepus 
It contains but four stars, of which Fhaet i? the bright 
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est. It lies on the right, a little higher than Beta, the 
next brightest. This last may be known by a small star 
just east of it. 

Eridanus {The River Po) is a large and irregular con- 
stellation, very difficult to trace. It is 130° in length, 
and is divided into the Northern and Southern streams. 
The former lies between Orion and Cetus, commencing 
near Rigel in the foot of Orion, and flowing out westerly 
in a serpentine course, near 40°, to the Whale. 

Canis Major lies southeast of Orion, and may be 
readily found by the brilliancy of its principal star Sirius. 
This is the largest of tne Fixed Stars, and is supposed to 
be the nearest to the Solar System. 

Canis Minor is a small constellation situated between 
Canis Major and the Twins. It has but two principal 
stars, namely, Procyon of the first magnitude, and Go- 
tnelza of the second. 

MoNOCERos {The Unicom) lies between Canis Major 
and Canis Minor, with its centre directly south of Procyon. 
Its largest stars are of the fourth magnitude. Three of 
these are in the head, 3° and 4° apart. 

Hydra has its head near Procyon, and consists of a 
number of stars of ordinary brightness. Aljphard, in the 
heart, is a star of the second magnitude, about 15° south- 
east of the head. It is an extensive constellation, extend- 
ing from east to west more than 100^. 

CoRVUS {The Crow) is represents as standing upon 
the tail of Hydra, south of Coma Berenices. It contains 
but nine visible stars, only three of which are as large as 
the third magnitude. 

Argo Navis ( The Ship Argo) is a large and splendid 
constellation in the southern hemisphere, but so low down 
in the south that but little of it can be seen in the United 
States. It lies southeast of Canis Major, and may be 
known by the stars in the prow of the ship. Markehy of 
the third magnitude, is 16° southeast of Sirius* Naosaad 
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Gamma are of the second magnitude, and Canopus and 
Miaplacidus of the first. 

Centaueus is another large southern constellation, too 
low in the south to be traced by an observer in the United 
States. 

Lupus ( The Wolf) is next east of Centaurus, south of 
Libra, and is also invisible in northern latitudes. 

Sextans {The Sextant) consists of a number of very 
small stars, situated between Leo on the north, and Hy- 
dra on the south. Its largest star is of the fourth magni- 
tude, and is situated about 13° south of Regulus, near the 
equinoctial. 

Ceux ( The Cross) is a brilliant little constellation, but 
too far south to be visible to us at the north. It consists 
of four principal stars, namely, one of the first, two of the 
second, and one of the third magnitude. 



CHAPTER II. 



OF DOUBLE, VARIABLE. AND TEMPORARY STARS^ 

BINARY SYSTEMS, &c. 

Lesson 134. 

OF DOUBLE, TEIPLE, AND MULTIPLE STAESr 

(Map 16.) 

1. Many of the stars which, to the naked eye^ appear 
single, are found, when examined by the aid of a telescope, 
to consist of two or more stars, in a state of near proximity 
to each other. These are called double stars. When 
three or more stars are found thus closely connector), they 
are called triple or multiple stars. They are also distin* 
guished as binary ^ ternary, <Sec. 

2. Double and triple stars are supposed to be consti- 
tuted in two ways : first, by actual contiguity ; and sec- 
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The stars are of a greenish color, of the third and fourth 
magnitudes, and about f/\ or two diameters of the princi- 
pal star, apart. This also is considered a good test object 
Through ordinary telescopes the stars seem to be in con- 
tact, but with those of higher power they appear fairly 
divided. These stars also constitute a binary system. 

The stars under F are specimens of other distances and 
combinations of magnitudes. 

4. The number of double stars has been variously esti- 
mated. Sir William Herschel enumerates upwards of 
five hundred, the individuals of which are within 3<K^ of 
each other. Professor Struve of Dorpat estimated the 
number at about three thousand, and more recent observa- 
tions fix the number at not less than six thousand. 

The great number of the double stars first led astrono- 
mers to. suspect a physical connection by the laws of 
gravitation, and also a revolution of star around star, as 
the planets revolve around the sun. 



Lessen 135. 

OF butart and othee systems. 
(Map 1&) 

1. By carefully noting the relative distances and angu- 
lar positions of double and multiple stars, for a series <^ 
years, it has been found that many of them have their 
periodic revolutions around each other. Where two stan 
are found in a state of revolution about a common centre, 
they constitute what is called a Binary System. These, 
it must be remembered, are the double and multiple stars, 
which appear single to the naked eye. Sir W. Herschel 
noticed about fifty instances of changes in the angular 
position of double stars, and the revolution of some sixieen 
of these is considered certain. Their periods vary firom 
40 to 1200 years. 

2. The star Xi, in the left hind paw of Ursa Mc^^ 
is one of these stellar systems. The revolution of its 
component stars began to be noticed in 1781, since 



OF BINABT AND OTHER SYSTEMS. 183 



\ 



which time they have made one complete revolution, 
and are now (1847^ some eight years on the second. 
Of course, then, tneir periodic time is about fifty- 
eight years. Their angular motion is about 6° 24^ per 
year. 

Dr. Dick supposes these stars to be some 200,000»000,000 
miles apart ; and upon the supposition that the smaller 
revolves around the latter, computes its velocity to be not 
less than 2,471,000 miles every hour. This would be 85 
times the velocity of Jupiter, and 23 times the velocity of 
Mercury — the swiftest planet in the Solar System. 

3. Fig. G on the map is a representation of another of 
these binary systems. It consists of the double star 
Gamma, in the Virgin. This star has been known as a 
double star for at least 130 years. The two stars are 
both of the third magnitude, and of a yellowish color. 
The largest star will be seen in the upper foci of the sup- 
posed orbit, and the arit>ws show the direction of the re- 
volving star. At the firsi cbsertation, by Bradley, in 
1719, the smallest star was near the lover arrow, as 
represented. In 1756 it occupied a very different posi- 
tion, as the drawing shows, and so on to 1844, as repre- 
sented on the map. * 

The period assigned to this system by Dr. Herschel is 
629 years. The late B. P. Mason, of Yale College, es- 
timated its period at 171 years : more recent observatioBt 
and estimates by Madler, give a period of 145 years. 

4. Fig. H is a view of another of these systems of re^ 
vdving stars, namely, the double star p, or 70 of the Ser- 
pent-beaser. In 1780 the smaller star was seen on the 
right, just above the lower arrow. In 1804 it was near 
that date on the map; in 1822, it Was nearly' opposite 
the first position, and so on to 1843. 

The periodic time of the revolving star is about 98 
years. In the course of its revolution the two stan 
sometimes appear separated, sometimes very near to- 
gether, and at other times as one star. They are of the 
5th and 6th magnitudes, and of a yellowish hue. 

The following table shows the periodic times, dsc, of 
these Binary Systemsi so (ar as known. It is copied from 
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Herschel's Treatise, and corrected where mpre recem 
observations have shown it to be erroneous. 



Names. 


Penod in 
yean. 


Ma^or axis of 
the orbit. 


Eocentricitj. 


ij CoronflB, 

t Cancri, 

1 Ursae Majoris, 
70 Ophiuchi, 
61 Cygni, 

y Virginis, 
Castor, 

(f Coronae, 

y Leonis, 


43.40 

55.00 

58.26 

93.00 

452.00 

252.66 

286.00 

145.00 

1200.00 










7^^714 
8.784 

24.000 

16.172 
7.358 

30.860 


0.4164 
0.4667 
0.8335 
0.7582 
0.6112 




'p 





5. The student should here be reminded that these are 
not systems of planttv ridvolving aroond suns, but of sm 
revohing armmd snn; and that their component stars 
may not only be as fiitr apart as our sun and Sirius, but 
that they are probably each the centre of his own plane- 
tary system, like that which revolves around our central 
orb. Speaking of these systems. Dr. Dick observes : 

" To some minds, not accustomed to deep reflectioD, it 
may appear a very trivial fact to behold a small and 
scarcely distinguishable point of light immediately ad- 
jticent to a larger star, and to be inarmed that this lucid 
point revolves around its larger attendant ; but this phe- 
nomenon, minute and trivial as it may at first sight ap- 
pear, f reclaims the astonishing fact, that suns revolyb 

AROUND suns, ANB SYSTEMS AROUND SYSTEMS. This Is a 

comparatively new idea, derived fi'om 9ur late sidereal 
investigations, and forms one of the most sublime concep- 
tions which the modem discoveries of astronomy have 
imparted. It undoubtedly conveys a very sublime idea, 
to contemplate such a globe as the planet Jupiter— a 
body thirteen hundred times larger than the earth — ^re- 
Tolving around the sun, at tho rate of twenty-nine thou- 
Mnd miles every hour ; and the planet Saturn, with in 
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rings and moons, revolviog in a similar' manner round 
this central orb in an orbit five thousand six hundred 
And ninety millions of miles in circumference. But how 
much more august and overpowering the conception of a 
sun revolving around another sun— of a sun encircled 
with a retinue of huge planetary bodies, all in rapid mo- 
tion, revolving round a distant sun, over a circumference 
a hundred times larger than what has been now stated, 
and with a velocity perhaps a hundred times greater than 
that of either Jupiter or Saturn, and carrying all its 
planets, satellites, comets, or other globes alone wjthitin 
its swift career ! Such a sun, too, may a^ far exceed 
these planets in size as our sun transcends in magnitude 
either this earth or the planet Venui^, the bulk of any one 
of which scarcely amounts to the thirteen -bund red- thou- 
sandth part of the sola| orb which enlightens onr day. 
The further we advance in our explorations of the distant 
regions of space, and the more minute and specific our 
investigations are, the more august and astonishing are 
the scenes which open to our view, and the more elevated 
do our conceptions' become of the grandeiir of that Al- 
mighty Being who * marshalled all the starry hosts,' and 
of the muUipHcity and variety of arrangements he has in- 
troduced into his v^st creation. And this consideration 
ought to serve as an argument to' every rational being, 
both in a scientific, and a religious point of view, to stim- 
ulate him to a study of the operations of the Most High, 
who is ^ wonderful in counsel and excellent in working,' 
and whose works in every part of his dominions adum- 
brate the glory of his perfections, and proclaim the depths 
of his wisdom and the greatness of his power.'* ■ 

6. Besides the revolutions of these double stars around 
each other, they are found to have a proper motion to- 
gether in space, like that which our sun has around the 
great Central Sun. Upon this subject Sir John Herschel 
observes, that .these stars not only revolve around each 
other, or about their common centre of gravity, but that 
they are also transferr^, without parting company, by a 
progressive motion common to both, towards some deter^ 
ninate region. 

16* 
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<< For example, the two stars of 61 Cygni, which an 
nearly equal, have remained constantly at the same, or 
very nearly the same distance, of l^^f for at least fifty 
years past. Meanwhile they have shifted their local sit- 
uation in the heavens, in this interval of time, through do 
less than 4^ 23^^, the annual proper motion of each star 
being y^.d ; by which quantity (exceeding a third of 
their interval) this system is every year carried bodily 
along in some unknown path, by a motion which, for 
many centuries, must be regarded as uniform and recti- 
linear. Among stars not double, and no way differing 
from the rest in any other obvious particular, f& Cassia- 
peisB is to be remarked as having the greatest proper mo- 
tion of any yet ascertained, amounting to 3'^^.74 of annual 
displacement. And a great many others have been ob- 
served to be thus constantly carried away from their 
places by smaller, but not less unequivocal motions. 

<' Motions which require whole centuries to accumulata 
before they produce changes of arrangement, such as the 
naked eye cstn detect, though quite sufficient to destroy 
that idea of mathematical fixity which precludes specula- 
tion, are yet too trifling, as far as practical applications 
go, to induce a change of language, and lead us to speak 
of the stars in common parlance as otherwise than fixed. 
Too little is yet known of their amount and directions, to 
allow of any attempt at referring them to definite laws. 
It may, however, be stated generally, that their apparent 
directions are various, and seem to have no marked com- 
mon tendency to one point more than to another of the 
heavens. It was, indeed, supposed by Sir William Her- 
schel, that such a common tendency could be made out ; 
and that, allowing for individual deviations, a general re- 
cess could be perceived in the principal sidiTSf from that 
Soint occupied by the star ^ Herculis, iotoards a point 
iametrically opposite. This general tendency was re* 
ferred by him to a motion of the sun and ^olar system in 
the opposite direction. No one, who reflects with due at- 
tention on the subject, will be inclined to deny the high 
probability, nay, certainty, that the sun has a proper mo- 
tion in some direction ; and the inevitable consequence of 
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such a motion, unparticipated by the rest, must be a slow 
average apparent tendency of all the stars to the vanish- 
ing point of lines parallel to that direction, and to the re- 
gion which he is leaving."* 

7. As already stated in a previous lesson, many of the 
double, triple, and multiple stars are of various colore^ 
beautifully contrasting with each other. 



M 



other siiiui, perhaps, 



With their attendant moons 
Communicating male and female light, 
(Which two great sexes animate the worid,) 
Stored in each orb, perhaps, with some th^ live."t 

^ In such instances, the larger star is usually of a ruddy 
or orange hue, while the smaller one appears blue or 
green, probably in virtue of that general law of optics, 
which provides that when the retina is under the influ- 
ence of excitement by any bright-colored lights, feebler 
liffhts, which seen alone would produce no sensation but 
of whiteness, shall for the time appear colored with the 
tint complementary to that of the brighter. Thus, a yel- 
low color predominating in the light of the brighter star, 
that of the less bright one in the same field of view will 
appear blue ; while, if the tint of .the brighter star verge 
to crimson, that of the other will exhibit a tendency to 
green— or even appear as a vivid green, under favorable 
circumstances. The former contrast is beautifully ex- 
hibited by i Cancri — ^the latter by y Andromedse ; both 
fine, double stars. If, however, the colored star be 
much the less bright of the two^-it will not materially 
a£fect the other. Thus, for instance, i] Cassiopeise ex- 
hibits the beautiful combination of a large white star, and 
a small one of a rich ruddy purplel It is by no means, 
however, intended to say, that in all such cases one of the 
colors is a mere efiect of contrast, and it may be easier 
suggested in words than conceived in imagination, what 
variety of illumination two suns — a red and a green, or a 



* Sir John HerschePs Treatise on Astronomy. 
t Paradise Lost, viil, 148. 
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yellow. and a blue one — ^must afford a planet circulating 
about either ; and what charming contrasts and ' grateful 
vicissitudes' — ^a red and a green day, for instance, alter, 
nating with a white one and with darkness — might arise 
from the presence or absence of one or other, or both^ 
above the horizon. Insulated stars of a red color, almost 
as deep as that of blood, occur in many parts of the heav. 
ens, but no green or blue star (of any decided hue) has, 
we believe, ever been noticed unassociated ,with a com- 
panion brighter than itself.'"" 

Lesson 136« 

VAEIABLE OE FEEIODICAL STABS. 

1. Variable stars are those which undergo fi r^ular 
periodical increase and diminution of lustre, amounting, 
in some cases, to a complete extinction and revival. 

These variations of brilliancy, to which some of the 
fixed stars are subject, are reckoned among the most 
remarkable of the celestial phenomena. Some of them 
pass through their successive changes with great rapidi- 
ty, while in other cases their brilliancy is increased or 
diminished gradually for months. The time occupied by 
one of these stars, in passing through all their different 
phases, is called its period. 

2. One of the most remarkable of these variable stars, 
is the star Omicron, or Mira in the Whale. Its period is 
about 332 days, during which time it varies from a star 
of the second magnitude, to complete invisibility. It 
appears about twelve times in eleven years — remains at 
its greatest brightness about a fortnight, being then, on 
some occasions, equal to a large star of the second mag- 
nitude. It then decreases for about three months, when 
it disappears. In about five months it becomes visible 
again, and continues to increase during the remaining 
three months of its period. 

Its increase of light is much more rapid than its 

* Sir John Henchel'i TreatiM on Agronomy. 
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decrease. It inoreases from the sixth to the second 
magnitude in 40 days— continues thus brilliant 26 days, 
and then fades to the sixth magnitude again in 66 days. 
Hence, it is above the sixth magnitude for 132 days, uid 
below 200 days of its period. 

3. Another remarkable periodic star is that called 
Algol, in the constellation Perseus. It is n^ially visible 
as a star of the second magnitude, and such it continues 
for the space of 2 days 14 hours, when it suddenly begins 
to diminish in splendor, and in about 3^ hours it is re- 
duced to the fourth magnitude. It then begins again to 
increase, and in 31 hours more is restored to its usual 
brightness, going through all its changes in 2 days 20 
hours and 48 minutes, or thereabouts. Through all its 
successive changes, this star shines with a white light, 
while the color of all the other variable stars is red. 

4. The cause of these periodic variations in the bright- 
ness .of some jf the stars is not known. Some suppose 
them to be occasioned by opaque bodies revolving around 
them, and cutting off a portion of their light fi*om us. 
Shaking of the sudden obscuration of Algol, mentioned 
above. Dr. Herschel remarks, that it indicates a high degree 
of activity in regions where, but for such evidences, we 
might conclude all lifeless, ^' I am disposed," says Dr. 
Dick, " to consider it as highly probable, that the in- 
terposition of the opaque bodies of large planets revolving 
around such stars, may, in some cases, account for the 
phenomena. It is true, that the planets connected with 
the Solar System are so small, in comparison of the sun, 
that their interposition between that orb aqd a spectator 
at an immense distance, would produce no sensible e£> 
feet. But we have no reason to conclude, that in all 
other systems the planets are formed in the same pro- 
portions to their central orbs as ours ; but, from the 
Tariety we perceive in every part of nature, both in 
heaven and earth, we have reason to conclude that every 
system of the universe is, in some respects, diflfereiU 
from another. There is no improbability in admitting, 
that the planets which revolve round some of the stars, 
may be so large as to bs*' a considerable proportioii 
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(perhaps one-half or one-third) to the diameters of the 
orbs around which they revolve ; in which case, if the 
plane of their orbit lay nearly in a line of our own 
vision, they would, in certain parts of their revolutions, 
interpose between our eye and the stars, so as to hide 
for a time a portion of their surfaces from our view 
while in that part of their orbits which is next to the 
earth." 

With reference to the obscuration and period of AJgolj 
Professor Olmsted observes, that the periodic time of an 
opaque revolving body, sufficiently large, which would 
produce a similar temporary obscuration of the sun, seen 
from a fixed star, would be less than fourteen hoUrs. 

Others again are of opinion that those distant sons 
have one luminous and one dark or clouded hemisphere, 
and that their variations may thus result from a revolu- 
tion upon their axes, by which they would present ua 
alternately with their full and their diminished lustre. 

Another theory is, that these stars are moving with 
inconceivable velocity in an immensely elliptical orbit, 
the longer axis of which is nearly in a direction to the' 
eye ; and the shorter axis of which would be impercepti- 
ble from our system. In such case the star would appear 
alternately to approach and recede, now looking in upon 
our quarter of the universe, as it were, for a few days, 
and then rushing back into immensity, to be seen no more 
by human eyes during the lapse of years or of ages. 

" Whatever may be the cause" says Mr. Abbott, "the 
fact of these variations is perfectly establish^, and the 
contemplation of the stupendous changes which must be 
occurring in those distant orbs, overwhelms the mind with 
amazement. Worlds vastly larger than our sun sudden- 
ly a{>pear, and as suddenly disappear — now they blaze 
forth with most resplendent brilliancy, and again they 
fade away — and oflen are apparently blotted from 
existence. These worlds are unquestionably thronged 
with myriads of inhabitants ; and the phenomenon which 
to us appears but as the waxing or waning lustre of a 
twinkling star, may, to the dwellers on these orbs, be 
•Toluticms of grandeur, such as no earthly imaginalioa 
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has ever conceived. But these scenes, now veiled from 
human eyes, will doubtless all be revealed, when the 
Christian shall ascend on an angel's wing to the angel's 
home." 

Lesson 137. 

TBMP0RAB7 STABS. 

1. Temporary stars are those which have appeared 
from time to time, in different parts of the heavens, bla- 
zing forth with extraordinary lustre, and after remaining 
ibr a while apparently immoveable, died away, and len 
no traces of their existence behind. Some writers class 
them among the Periodical Stars, while others notice them 
under the head of " New and Lost Stars." 

2. A star of this kind, which appeared in the year 
125 B. c, led Hipparchus to draw up a catalogue of the 
stars, the earliest on record. In a. d. 889, a similar star 
appeared near the largest star in the Eagle, which, afler 
remaining fpr three weeks as bright as Venus, disappear- 
ed entirely from view. 

3. On the 11th of November, 1572, Tycho Brahe, a 
celebrated Danish astronomer, was returning in the even- 
ing from his laboratory to his dwelling-house, when he 
was surprised to find a group of country-people gazing 
upon a star which he was sure did not exist half an hour 
before. It was then as bright as Sirius, and continued 
to increase till it surpassed Jupiter in brightness, and 
was visible at noonday. In December of the same year 
it began to diminish, and in March, 1574, had entirely 
disappeared. 

This remarkable star was in the constellation Cassio- 
peia, about 5^ northeast of the star Caph. The place 
where it once shone is now a dark void ! 

This star was observed for about sixteen months, and 
during the time of its visibility its color exhibited all the 
different shades of a prodigious flame — *< first it was of a 
dazzling white, then of a reddish yellow, and lastly of an 
ashy paleness, in which its light expired." " It is im« 
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possible," says Mrs. Sumerrille, " to imagine any thing 
more tremendous than a conflagration that could be visi- 
ble at such a distance.*' 

In reference to the same phenomenon, Dr. Dick ob- 
serves, that " the splendor concentrated in that point of 
the heavens where the star appeared, must have been, in 
reality, more than equal to the blaze of twelve hundred 
thousand worlds such as our^, were they all collected 
into one mass, and all at once wrapped in flames. Nay, 
it is not improbable, that were a globe as large €is would 
fill the whole circumference of the earth's annual orbit, 
to be lighted up with a splendor similar to that of the 
sun, it would scarcely surpass in brilliancy and splendor 
the star to which we refer." 

The same writer observes, that " within the last cen- 
tury, no less than thirteen stars in diflerent constellations 
seem to have totally perished, and ten new ones to have 
been created." 

Rev. Professor Vince, who has be^n characterized as 
** one of the most leamied and pious astronomers of the 
age," advances the opinion that "the disappearance of 
some stars may be the destruction of that system at the 
time appointed by the Deitv for the probation of its in- 
habitants ; and the appearance of new stars may be the 
formation of new systems for new races of beings then 
called into existence to adorn the works of their Crea- 
tor." 

La Place, whose opinion upon such subjects is always 
entitled to consideration, says : " As to these stars which 
suddenly shine forth with a very vivid light, and then im- 
mediately disappear, it is extremely probable that great 
conflagrations, produced by extraordinary causes, take 
place on their surface. This conjecture is confirmed by 
their change of color, which is analc^ous to that present- 
ed to us on the earth by those bodies which are set (m 
fire and then gradually extinguished," 

Dr. Goode, author of the Book of Nature, &c., seems 
to have entertained an opinion similar to those already 
expressed. " Worlds and systems of worlds," says he, 
** are not only perpetually creating, but also perpetually 
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disappearing. It is an extraordinary fact, that within the 
period of the last century, not less than thirteen stars, in 
different constellations, seem to have totally perished, and 
ien new ones to have been created. In many instances it 
is unquestionable, that the stars themselves, the supposed 
habitations of other kinds or orders of intelligent beings, 
together with the difl^rent planets by which it is proba- 
ble they were surrounded, have utterly vanished ; and 
the spots they occupied in the heavens have become 
blanks. What has befallen other systems, will assuredly 
befall our own. Of the time and manner we know noth- 
ing, but the fact is incontrovertible ; it is foretold by rev- 
elation ; it is inscribed in the heavens ; it is felt through 
the earth ; such is the awful and daily text. What then 
ought to be the comment ?" 

' 4' 

» 

t 

Lesson 13S. 

FALLING OB SHOOTING STABS. 

The subject of shooting stars is here introduced, not 
because it properly belongs here, by the laws of philosoph- 
ical classification, but because the juvenile student will be 
more apt to look for it in this connection than in any other 
part of the work. We must say but little, however, 
as its full discussion falls not within the compass of our 
design. 

1. Falling or shooting stars are not properly stars, of 
any kind, hutmeteons, within a short distance oi the earth. 
A meteor is a fiery or luminous body flying through the 
atmosphere. 

2. Although the number of shooting stars observable 
in a single night is usually small, there have been in- 
stances in which they fell in such numbers as to be de- 
nominated Meteoric SJiowers, One of these occurred 
November ISth, 1833. On that morning, says Professor 
Olmsted, from two o'clock until broad daylight, the sky 
being perfectly serene and cloudless, the whole heavens 
were lighted with CL magnificent display of celestial fire* 
works. At times the air was filled with streaks of lights 

17 
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occasioned by fieiy particles darting down so swiftly as 
to leave the impression of their light on the eye, (like a 
match ignited and whirled before the face,) and drifting 
to the northwest like flakes of sn6w^ driven Jby the wind ; 
while, at i^ort intervals, balls of fire, varying in- size 
from minute points to bodies larger than Jupiter and Ve- 
nus, and in a few instances as large as a full moon, 
descended more slowly along the arch of the sky, ofi^i 
leaving after them long trains of light, which were, m 
some instances, variegated with different prismatic colors.* 

d. Of the nature of these meteors very little is known. 
They are supposed to descend from some point beyond 
the limits of our atmosphere, and to be ignited by their 
rapid motion, as they come in contact with it. They ex- 
plode, and are resolved into small clouds, it is thought, al 
the height of about thirty miles above the earth. 

Professor Olmsted thinks they are caused by some rare 
body like the tail of a comet, or the zodiacal light, falling 
in the way of the earth in her annual journey around this 
sun. 



CHAPTER III. 

OF CLUOTERS OF STARS, AND NEBUUE. 

* 

Lesson 139. 

• - 

OF GLirSTERS OF STABS. 

(Map 16.) 

1. In surveying the concave of the heavens in a 
clear night, we observe here and there groups of stars, 
forming bright patches, as if drawn tc^ther by some 
cause other than casual distribution. Such are the 
Pleiades and Hyades in Taurus, the former of which 

* IntroductkHi to AstfOBomy, p. 283. 
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may be seen at I, on the map. These are called Clusters 
€^ Stars* The constellation Coma Berenices is another 
such group, more difiused, and consisting of much larger 
stars. The luminous spot called the Bee Hive, in Can- 
oer, is somewhat similar^ hut less definite, and requires a 
moderate telescope to resolve it into stars. In the sword- 
handle of Perseus, is another such spot or cluster, which 
requires a rather better telescb])e to resolve it into distinct 
Mars. 

2. There is a great number of these objects, which 
have been mistaken for comets, as through telescopes of 
moderate power they appear like the comet of 1585, Map 
15, or like small round, or oval, nebulous specks. Sir 
John Herschel observes that Messier has given a list of 
103 objects of this Sort, with which all w!ho search for 
comets ought to be familiar, to avoid being misled by 
their, similarity of appearance. That they are not com- 
ets, however, is evident from their fixedness in the heav« 
ens, and ^om the fact that when we come to examine 
them with instruments of great power, they are perceived 
to consj^ entirely of stars, crowded together so as to oc- 
cupy almost a definite' outline, and to run up to a blaa^ 
of light in the centre, where their condensation is usually 
the greatest. 

3. Many * of these clusters are of an exactly round 
figure, and convey the Complete idea of a globular space 
filled full of stars, insulated in the heavens, and constitu- 
ting in itself a family or society apart from the rest, and 
subject only to its own internal laws. 

4;> It^ would be a vain efibrt to attempt to count the 
sfM.ts in one of these globular clusters. They are not to 
he reckoned by hundreds ; and on a rough calculation, 
grounded on the apparent intervals between them at the 
borders, and the angular diameter of the whole group, it 
would appear that many clusters of this description must 
contain at least from ten to twenty thousand stars, com- 
pacted and wedged together in a round space, whose an- 
gular diameter does not exceed eifht or ten minutes, or 
an area equal to a tenth part of that covered by the 
moon. 
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5. Some of these olusters are of an irregular figure, as 
may be seen at J, on the map. These are generally lesi 
rich in stars, and especially less condensed towards the 
centre. They are also less definite in point of outline. 
In some of them the stars are nearly all of a size, in oth- 
ers, extremely different^ It is no uncommon thing to find 
a very red star, much brighter than the rest, occupying t 
conspicuous situation in them. 

6. It is by no means improbable that the indiyiduil 
stars of these clusters are suns like our own, the centres 
of so many distinct systems ; and that their mutual dis- 
tances are equal to those which separate our sun from 
the nearest fixed stars. Besides, the round figure of 
some of these groups seems to indicate the existence d 
some general bond of union in the nature c^ an attractive 
force.* 

7. Figure J on the map, is a representation of the clos. 
ter in Coma Berenices already referred to ; and Figure K 
is a magnificent cluster in Capricomus, containing 'mom 
than a thousand fixed stars. 

A cluster of stars, numbering over 1,000, has recently 
been announced as discovered by Professor Mitcbel, d 
the Cincinnati Observatory. 

Lesson 130. 

OF NBBtTUB. 

(Map 16.) 

1. The term Nbbtljb is applied to those clusters of 
stars that are so distant as to appear only like a fanyt 
cloud or haze of light. In this sense some of the clusters 
heretofore described may be classed as nebulse, and in. 
deed it may be said of all the various kinds of nebulae, 
that it is impossible to say where one species ends and 
another begins. 

2. Resolvable Nbbuljb are those clusters the ligbt 

of whose individual stars is blended together, when seei 

■ 

• Hendiel'i TroatiM. 
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through a common telescope,^ but which/ when viewed 
through glasses of sufficient power, can be resolved into 
distinct stars. 

8. Irrbsolvablb NsBULiB are those nebulous spots 
which were formerly supposed to consist of vast fields of 
matter in a high state of rarefication, and not of distinct 
•tars. But it is exceedingly doubtful whedier any ntebo- 
hb exist which could not be resolved into stars, had we 
telescopes of sufficient power. The following remarks^ 
taken from a lecture recently delivered in Dublin, by 
Dr. Scoresby, in relation to the powers of Lord Rosse's 
mammoth telescope, will reflect light upon the subject un- 
der consideration. " About the close of last year, the 
Earl of Rosse succeeded in getting his great telescope 
into complete operation, and during the first month of his 
observations *on fifty of the unresolvable nebulae, he suc- 
ceeded in ascertaining that forty-three of them were al- 
ready resolvable into masses of stars. Thus is confirmed 
the opinion, that we have only to increase the powers 6f 
the instrument to resolve all the nebulae into stars, and 
the grand nebular hypothesis of La Place into a splendid 
astronomical dream." 

In a more recent communication Dr. Scoresby remarks, 
that the* nebulae already observed were between one and 
two hundred, which was doing weU considering the ob- 
servations had often been obstructed by the cloudy nights. 
Although this great telescope has been erected nearly 
two years, it has not been in complete operation more 
than six or seven months, and already the nebulae, not be- 
fture fully examined, have been discovered to be a collec- 
tion of suns. 

From these recent .observations it is probable that all 
the nebulae might be resolved into distinct stars if we had 
telescopes of sufficient power, and that such an object as 
an irresolvable nebula does not in reality exist. 

While upon the subject of the nebulae, as viewed by 
Lord Rosse, we must not omit to notice the extraordinary 
spiral nebula, recently discovered by the aid of his mam- 
moth telescope. The following is the announcement of 
the disooveryi as given in the English journals : 

17* 
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EXTRAORDINARY SPIRAL IVEBULA BISCOyERED BY LOKB 

EOSSE. 

The Spiral Nebula is situated in the Dog^B Ear, and 
although, by the common consent of astronomers, it was 
considered a mighty cluster of stars, it was not until Lord 
Rosse had seen it by the aid of his six-feet mirror that its 
resolution into stars was effected. This wonderful nebalm 
bears closely on a problem relating to the structure of 
our own galaxy, the Milky Way. However ■strong the 
sympathies pervading all that i^range system, it is c(^- 
nizable by us, in the mean time, only as a collection of 
separate masses. Nor can we err in so deeming it, 
through ignorance of its real, as compared with its ap- 
parent structure,- inasmuch as it is the manifest tendency 
of the telescope to deprive these remote objftcts-of appa- 
rent uniformity, and endow them with a constitution 
more and more discreet. Now, these parts are, by them- 
selves, somewhat intelligible. The cefntral s^ierical 
group has the form in which gravity would sustain any 
mass of stars ; and most of the other segregated portions 
also can be conceived as partial schemes internally har- 
monious, or arranged in obedience to their interna} sym- 
pathies. But the feature the most remarkable for us is 
the character of the two principal lines of the scroll, or 
those two leading branches of that Milky Way where the 
stars of the group appear mainly distributed. It seems 
as if these beds of orbs were literally dissolving into frag-- 
ments, which, in fact, is only a repetition of the most 
conspicuous characteristic of die ^one encircling our own 
galaxy ; for the bright circuit of our Milky Way is no 
regular belt, but, on the contrary, a succession of clus- 
ters, probably self-harmonious, stretching along its whole 
course, and separated by lines or patches more or less 
obscure. 

Nothing can be more memorable than the conversion 
of these dim streaks of light into burning and rolling 
orbs : even a feat so grand and triumphant, in regard of 
the science and art of man, has an attraction infinitely 
less than the transforming of a shape apparently simjde. 
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into one so strange and complex that theipi is nothing to 
which we can liken it, save a scroll gradually unwinding, 
or the evolytic^s of a gigantic shell ! How passing mar- 
vellous is this universe ! And unquestionably that form 
would seem stranger still, if, rising farther above the im- 
perfections of human knowledge, we- could see it as it 
really is ; if, plunging into its bosom and penetrating to 
ite farther boundaries, we could develop the structure of 
its still obscure nebulosities, which doubtless are streams 
and masses of gorgeous related stars ! 

Figure L on the map is a representation of the great 
nebula in Andromeda, formerly considered as irre- 
solvable. It resembles a comet, and may be seen under 
favorable circumstances by the naked eye, like a small 
faint cloud. The stars seen within its limits are sup- 
posed to be beyond it, and consequently seen through it. 

4. Nebulae are again distinguished as Sii^U and 
Double NEBULiE. The former consist of cme cluster 
standing alone, while in the latter case two or more seem 
to be united, or in a btate of near proximity, as in 
Figure M* Of the Double Nebulae there is almost every 
possible variety of form and proportionate magnkCide. 
The specimen given is a representation of the donUa 
nebulae in the Greyhound. 

5* Figure. N is a representation of what are called 
Hollow Nebula. This specimen may be found in the 
constellation Sagittarius. 

6. Stellar Nebitljb, or NehulmLs Stars, are such as 
present the appearance of a thin cload with a bright 
star in or near the centre. They are round or oval- 
shaped, and look like a star with a burr around it, or a 
candle shining through horn. Figures O and P on the 
map are specimens of this class. Q is in Cancer, and P 
in Gremini. 

7. The iSim is considered by astronomers as belonging 
to this class of nebulous stars, and the Zodiacal Light, or 
which we have spoken in Lesson 108, has been regarded 
as of the nature of the gaseous matter with which the 
nebulous sftars are surrounded. It is supposed that if we 
Irere as far from the sun as we are from the Stellar 
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Nebulas, he would appear, to vm only ^ a small and 
nebulous star ! 

8. Planbtajit Nbbuljb, says Dr. Herschel, are very 
extraordinary objects. They have, as th^ir name im- 
ports, exactly the appearance of planets ; round or 
slightly oval discs, in some instances quite shaiply ter- 
minated, in others a little hazy at the borders, and of a 
light exactly equable or only a very little mottled, whichi 
in some of them, approaches in vividness to that of the 
actual planets. Whatever be their nature, they must 
be of enormous magnitude. Granting these objects to be 
equally distant from us with the stars, their real dimen- 
sions must be such as would fill, on the lowest computa- 
tion, the whole orbit of Hersohel. 

Fig. Q on tha map, is intended as a specimen of 
Planetary NebulsB, though, it must be confessed, it is not 
easy to get up a very striking resemblance. 

9. Annular NsBU^LiB also exist, but are seldom to be 
met with. The most conspicuous of this class is to be 
found exactly half-way between Beta and Gammas in ths 
Lyre, and may be^ seen with a telescope of moderate 
power. It is small, and particula*rly well defined, so as 
in fact to have much more the appearance of a flat oval 
solid ring than of a nebula. The space within the ring 
is filled with a faint hazy light, uniformly spread ovQr it, 
like a fine gauze stretched over a hoop.* 

10. Figure R is a representation of a very remaric- 
able nebula in the head of the Greyhound, about six 
degrees below Mizar, the middle star in the tail of the 
Great Bear. It consists of a large and bright globular 
nebula surrounded by a double ring, at a considerable 
distance from the globe, or rather a single ring divided 
through about two-iiflhs of its circumference, and having 
one portion turned up, as it were, out of the plane of the 
rest. A faint nebulous atmosphere, and a small round 
nebula near it, like a satellite, completes the figure. 

11. Figure S is another remarkable nebula in the 
constellation of the Fox. The two round spots about ths 
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feci of the ellipse or oval, exhibit but a hint and dusky 
light, while this portions about the ends of the shorter 
axis are remarkably bright and uniform. 

12. Figure T represents a wonderful nebula in the 
Milky Way. Its form is fantastic^ and it has several 
c^nings, through which, as through a window, we seem 
to get a glimpse of other heavens, and brighter regions 
beyond. 

13. The number of nebulous bodies is unknown, per*, 
haps we should say innumerable. They are especially 
abundant in the Galaxy or Milky Way. Sir W. Her- 
schel arranged a catalogue showing the places of two 
thousand of these objects. They are of all shapes and 
sizes, and of all degrees of brightness, from the faintest 
milky appearance to the light of a fixed star. 

14. Star Dtut is a name given to those exceedingly 
faint nebulous patches that appear to be scattered about 
at random in the far-distant heavens. They have no 
definite boundary, and are well represented by the gray 
portions of the map, between the various specimens of 
nebulae^ The map is printed light or gray on purpose to 
furnish specimens of Star Dust, or of nebulas so remote 
as to be barely visible through the best telescopes. This 
olass of nebulous appearances seems to lie in the back- 
ground, far beyond others that are more distinctly visible. 

By placing the learner at a proper distance from the 
map, the idea we wish to convey will be readily under, 
stood. 

15. This map may be used to very good advantage 
to illustrate the uses atnd powers of the telescope, in re- 
solving nebulas into stars. Place the pupil at the dis- 
tance of from fifteen to twenty feet, according to the 
strength of the light, so that he will see the clusters J and 
K only as faint cloudy patches. Let him then make 
what he may call a telescope of low power, by rolling 
up a sheet of paper, and looking through the tube thus 
formed. Shutting the surrounding light from his eye 
will enable him to see the nebulous spots far more dis- 
tinctly. Then, instead of a telescope of higher power, 
l&t him approach half way to the map, and look again 
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through his paper tube. If the light is good, J and K 
will be mostly resolved into stars. By approaching stiU 
nearer, more stars will be seen where it appeared nebu. 
lous befi)re, and at length the Star Dust will be seen 
lying beyond the -more distinct nebulae, in remote regiou 
of space. 

It must' not be supposed, however, that barely shutting 
the surrounding light from the eye is the principle upon 
which the telescope reveals objects otherwise invisible; 
the object in these exercises is merely to show that as the 
nearer we are to an object the more distinct the vision, 
80 the better the telescope (an instrument which seems to 
bring objects towards us) the nu)re perfect the view we 
have of the different kinds of nebulse, and the more likely 
they are to be resolved into distinct stars. 

16. The nebnlsB, says Sir John Herschel, furnish in 
every point of view an inexhaustible field of speculation 
and conjecture. That by far a larger share of them oon- 
eist of stars, there can be little doubt; and in the inter, 
minable range of system upon system, and firmament 
upon firmament, which we tibus catch a glimpse of, the 
imagination is bewildered' and lost. 

17. The Milky Way is generally regarded by astrono* 
mors as only a specicpen of nebulse, of which our sun ii 
one of the stars. This zone of small stars (for such it 
actually is) extends quite around the Solar System, as the 
nebulous circle of Figure R, on the map, extends around 
the large star in the centre. Like that circle, also, the 
Milky Way is divided through some part of its circuit, 
and has various branches and irregularities. 

The vast apparent extent of the Galaxy, as compared 
with other nebulse, is supposed to be jusdy attributable 
to its comparative nearness^ Were we as far from the 
Solar System as we are from the nebulse in the Lyre, 
Fig. R, the Milky Way would doubtless appear as an 
Annular Nebula no larger than that. It may therefore 
with propriety be called <* the Great Nebula of the Solar 
System." 

The general conclusions of M^ler respecting the cqUp 
•dtution of the whole system of the fixed starsi exdosife 
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of the distant nebulae, are the following :-— He believes 
that the middle is indicated by a very rich group, (the 
Pleiades,) containing many considerable individual bodies, 
though at immense distances from us. Round this he 
supposes that there is a zone, proportionally poor in stars, 
and then a broad, rich, ring-formed layer, fbllowed by an 
'^terval comparatively devoid of stars, and afterwards by 
another annular and starry space, perhaps with several 
alternations of the same kind, the two outmost nngs com- 
posing the two parts of the Milky Way, which are con- 
founded tirith each other by perspective in the portions 
mpst distant from ourselves. 

But what an idea is here conveyed to the mind of the 
almost boundless extent of the Universe ! Sir W. Her- 
schel estimated that 50,000 stars passed the field of his 
telescope, in the Milky Way, ih a single hour ! And yet 
the space thus examined was hardly a point in this ^reat 
aone of the " sun-strown firmament." The mutual dis- 
tances of these innumerable orbs are probably not less 
than the distance from our sun to the nearest fixed stars, 
while they are each the centre of a distinct system of 
worlds, to which they dispense light and heat. 

Were the Universe limited to the Great Solar Nebula, 
It would be impossible to conceive of its almost infinite 
dimensions ; but when we reflect that this vast and glow- 
ing zone of suns is but one of thousands of such assem- 
blages, which, from their remoteness, appear only as 
fleecy clouds hovering over the frontiers of space, wo are 
absolutely overwhelmed and lost in the mighty abyss of 
being ! 

And here we may leave the reader to his own reflec- 
tions. While unnumbered worlds and systems of worlds 
glow before his vision in the distant heavens, peopling, as 
it were, every portion of the mighty void, let it not be for- 
gotten that as productions of the great Architect " these 
are but parts of his ways." While he upholds them all 
" by the word of his power," and presides over them as 
the Grsat Kino, the falling sparrow attracts his notice, 
and the very hairs of our heads are numbered. And 
while we behold his Wisdom, Power, and Goodness so 
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ffloriously inscribed in the heavens, let us learn to be 
humble and obedient, to love and serve our Maker here, 
that we may be prepared for the more extended scenes 
of another life, and for the sodety of the wise and good 
in a world to eome. 
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EXPLANATION OF ASTRONOMICAL T£RMS> 

Aherraiian, an apparent change of place in the fixed 
stars, which arises from the motion of the earth combined 
with the motion of light. 

Achemar, a fixed star of the first magnitude, in the 
constellation Eridanus, r. a. 1 hour 31 minutes. — Dec 
58 degrees, 16^ minutes. 

Achromatic, colorless, remedying aberrations of color. 

Ackromcal rising or setting of a planet, or star, is when 
it rises at sunset, or sets at sunrise. 

AeroliteSf or air-stones, are semi-metallic substances, 
which are found to fall from the atmosphere in diiferent 
countries. Some philosophers have imagined that they 
are the fragments of a planet that had been burst asunder. 

Aldebaran, a fixed star of the first magnitude in the 
head of the constellation Taurus ; sometimes called the 
BulTs eye* 

Algol, a star in Medusa's head, which varies from the 
second to the fourth magnitude. 

Alioth, a fixed star in the tail of the Great Bear. 

AUcUr, a star of the first magnitude in Aquila. 

Altitude, the height of the sun, moon,, or stars above 
the horizon, reckoned in degrees and minutes, on a verti- 
cal circle. 

AmpMscii, a name given to ttie inhabitants of the torrid 

* This Glossary is copied from English works lately reprinted in 
this country, and revised to adapt it to the capacity of the Jovenile 
Learner. The language of the definitions is, in some instances, dif- 
ferent from that vmed in the preceding pages, and a few terms are 
inserted and defined that do not occur in any of the lessons. Bat 
these circumstances will rather enhance than depreciaie its value, as 
they secure an agreeable variety where the meaning is the same ; will 
stimulate' the investigation of subjects not 'yet understood ; and may 
bad to additional research in fields not yet OJ^lored. 

18 



206 APPENDIX. 

zonei on account of their shadows falling at one time of 
the year towards the south, and at another time towards 
the north. 

Amplitude^ an arc of the horizon, contained between 
the east or west point of the heavens, and the centre of 
the sun or a star, at the time of its rising or setting. 

Andromedoy a female, a northern constellation, con- 
taining 66 stars. 

Annulus, a ring.^^AnnuU, rings. — Annulary ring-like. 

AnomaloiM, irregular, strange, out of rule. 

Anomaly, (the true,) the distance of a planet in signs, 
degrees, &c., from that point of its orbit which is furthest 
from the sun. The mean anomaly is, that which would 
take place if the planet moved uniformly in the circunw 
ference of Br circle. 

AntinouSf the Youth, a part of the constellation Aquila. 

Antipodes, those inhabitants of the earth who live dia- 
metrically opposite*, to each other, or walk feet to feet, on 
opposite sides of the globe. 

Antdeci, a name given to those inhabitants of the earth 
who live under the same meridian, and at equal distances 
from the equator, but on opposite sides of it. 

Aphelion, that point in the orbit of a planet in which it 
is at its greatest distance from the sun. 

Apogee, that point in which the sun, or a olanet, is fur- 
thest distant from the earth. 

Approximate, next, near, approaching. 

Apsides, the two most remote points of a planet's orbit, 
otherwise termed its aphelion and perihelion. A line 
joining those points is, the line of the apsides. 

Arcticus, a star of the first magnitude in the Great Bear. 

Arcturus, a bright star of the first magnitude in the 
Constellation Bootes. 

Armiliary sphere, an instrument composed of the prin- 
cipal circles which are drawn on an artificial globe. 

Ascii, the inhabitants of the torrid zone ; so called, be« 
cause the sun being twice a year in their zenith, their 
bodies at those times cast no shadow. 

Aspect, situation of the stars with respect to one an- 
other, or the planets. 
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' Asteroidsjitie eight planets lately discovered moving in 
eccentrio circles between the orbits of Mars and. Jupiter. 

Astronomy f (from Aster, a star, and Nomes, a law,) the 
soience which teaches the motion, magnitude, and dis- 
tances of the heavenly bodies. 

Attraction, that inherent prin<iiple of matter by which 
bodies mutually tend towards each other, ojr to the centre 
of the earth. 

Axis, {axes, plural,) of the earth -or of a planet ; an 
imaginary line passing through the centre from one pole to 
another, round which they perform their diurnal rotation. 

Azimuths, great circles which pass through the zenith 
and nadir, perpendicular to the horizon. The azimuth 
of a celestial body is an arc of the horizon contained be- 
tween the east and west points, and a vertical circle pass- 
ing through the centre of that object. 

Bellafrix, a star in Orion. 

Belts, zones surrounding the body of Jupiter and Saturn. 

Betelguese, a star in Orion. 

Binary, double, consisting of twp. 

Bissextile, (or leap year,) which aappens every fourth 
year, and contains 866 days ; one day being added to the 
month of February. 

Capella, a star of the first magnitude in Auriga. 

Cardinal points of the compass ; 'the east, west, north, 
and south points. 

Cardinal points of the ecliptic ; the first points of the 
signs Aries, Cancer, Libra, and Capricorn. 

Castor, one of the Twins, a star of the first magnitude 
in Gemini. 

Centauri, the Centaur, (half man and half beast,) a 
southern constellation. 

Centrifugal force, that force by which any revolving 
body endeavors to fly off from the centre of motion in a 
tangent to the circle it describes. 

dentripetalforce, the tendency which a body has to the 
centre of its revolution. 

Circumpolar, signifying su(^ stars, as being near the 
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pole, move around it. They set below the horizon in our 
latitude.. 

Colures, two imaginary circles, or meridians, one of 
which passes through the solstitial points Cancer and 
Capricorn, and the other through the equinoctial points 
Aries and Libra. 

CameUy erratic bodies belonging to our system, which 
move round the sun in very eccentric orbits, distinguished 
by their fiery tails and nebulous aspects. 

Cone, a body with a circular base declining to a. point, 
like a sugar-loaf. 

Conical, form of a cone. 

Conjunction, is when two or more stars, or planets, avs 
in the same part of the heavens. 

Constellation, or Asterism, certain figures delineated in 
the heavens by the ancients, and also by the modems, 
within which the principal stars are included for the pur- 
pose of better finding and describing them. 

Constituents, parts composing and essential to the whole. 

Cosmical rising or setting of a planet, or star, is yfhBiL 
it rises with the sun in the morning, or sets with him in 
the evening. 

Crystalline heavens, the solid spheres- by means of which 
the ancients attempted to account for the apparent motions 
of the fixed stars. 

Cusps, the points or horns of the moon or of a planet. 

Cycle of the moon, a revolution of nineteen years, in 
which time the conjunction and lunar aspects are nearly 
the same as they were nineteen years before. 

Day, (solar,) the time between two successive transits 
of the sun's centre over the same meridian, which alwayi 
becins and ends at noon. 

Vay, (sidereal,) the time which elapses during the ro- 
tation of the earth from one star till it returns to the 
same star again, and consists of 23 hours, 56 minutes, 4 
seconds. 

DecUnation is the distance of any celestial object north 
or south from the equator, reckoned in degrees, minntj^ 
d^., upon 8 circle which is perpendicular to it. 
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Degree, the d60th part of a circle, or the 30th part of 

a s^Q- 

Viagram, figure or representation used for illustration. 

Digit, the 12th part of the sun's diameter, which is 
used in the calculation of eclipses. 

Disc of the sun or moon, is its round face, which, on 
account of the great distance of the object, appears flat. 

Diurnal motion of the earth, its rotation on its axis. 

Dorpat or Dorpt, a town of Riga, Russia, where a Uni- 
▼ersity and Observatory were 'established and liberally 
endowed in 1602. 

EecentricUy, the distance between the centre of a plan- 
et's orbit, and the focus round which it revolves. 

Eclipse, a deprivation of the light of the sun, by the 
interposition of the moon ; or of the light of the moon, by 
the interposition of the earth. 

Ecliptic, a great circle in the heavens through which 
the sun apparently makes his annual revolution ; but 
which is in reality the earth's path round the sun. It 
makes an angle with the equator of 23 degrees, 28 miti. 
utejs. 

Elaborated, produced with labor, improved by succes- 
sive operations. 

Elliptidty., likeness to an oval. 

Elongation, the angular distance of a planet from the 
'sun, as it appears from the earth. It is applied only to 
the interior planets, Mercury and Venus. 

Emersion, the reappearance of a celestial body afier 
having been eclipsed. 

Epoch, particular period of time, period from one date 
to another. 

Equaiion of time, the difference between real and ap- 
parent time, or between that shown by a true clock and 
a sun-dial. (t depends on the obliquity of the ecliptic, 
combined with the unequal motion of the earth in its orlut. 

Equator, of a great circle of the earth which separates 
the northern from the southern hemisphere. When re- 
ferred to the heavens, it is called the Equinoctial. 

Equinoctial, or Celestial Equator, the imaginary circle 

18* 
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in the heavens described by the sun in its daily revolutiaa 
at the time of the equinoxes, or its apparent passage over 
the line, when days and nights are equal all over the 
earth ; the centre of the ecliptic. 

Eqtdnoxes, two opposite points in Aries and Libra, 
where the ecliptic cuts the equinoctitd. When the sun 
is in these points, the days and nights are equal to each 
other. 

Evolution^ unfolding or iinrolling of any thing 
Exterior planeU^ those which move at a further distance 
from the sun than the earth \ as Mars, Jupiter, dec. 

Foci of an ellipse, two points in the longest, or trans- 
verse axis, on each side of the centre ; from each of 
which if any two lines be drawn to meet each other in 
the circumference, their isum will be equal to the trans- 
verse axis. 

Galaxy, 6t the Milky Way, a luminous and irregular 
zone which encompasses the heavens, which is found to 
be composed of an immense number of stars. 

Geocentric place of a planet, is that position which it 
has when seen from the earth. 

GibbouSf a term used in reference ta the enlightened 
part of the moon, from the first quarter to the full, and 
from the full to the third quarter. 

GravUy or Gramtation, that force by which all maaset 
of matter tend towards each other. 

Halo, a luminous circle round the body of the sun or 
moon. 

Heliacal rising of a star, is when it emerges from the 
sun's rays, and appears above the horizon before him in 
the morning. 

HeUacal setting of a star, is when it is so hid in the 
sun's beams as not to be seen above the horizon after 
him in the evening. 

Heliocentric place of a planet, is that in which it would 
appear to a spectator placed in the sun. 

Hemisphere, the half of a globe or inhere* 
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HeteroscUi a n&me given to the inhabitants of the tem- 
perate zones, because their shadows at noon always fall 
one way. 

Horizon, (the sensible,) a circle which separates the 
▼isible from the invisible hemisphere, and forms the boun- 
dary of our sight. 

Horizon, (the rational,) a great circle which is parallel 
to the former, and whose poles are the zenith and the 
nadir. 

Hour drcles, the same as. meridians — ^marking the 
hours. f 

Immernon, the moment when an eclipse begins, or 
when a planet enters into the shadow of the body that 
eclipses it. 

Inclination, the angle which the orbit of one planet 
makes with that of another, or with the plane of the 
ecliptic. 

Interior planets, those that move at a less distance from 
the sun than the earth, which are Mercury and Venus. 

Irresolvable, incapable of being analyzed, defined, or 
perceived as distinct objects 

Latitude of a place, its distance from the equator, reck- 
oned in degrees and minutes upon the arc of a great 
circle. 

Latitude of a stai^ or planet, is its distance from the 
ecliptic, reckoned in degrees, &do., on the arc of a great 
circle. 

Leonis, a star in the constellation Leo or Lion. 

Lesser circles of the same sphere, those whose planes 
do not pass through the centre, and which divide the 
^here into two unequal parts. Greaieircles of the equa- 
tor, meridians, &c., divide the sphere into two equal 
parts. 

LUration of the moon, an apparent irregularity in her 
motion on her axis by which ^e sometimes see men 
than the usual half of her disc. 

LongitudiB of a place, its distance east or west from the 
first meridian, reckoned in degrees, dca, upon the equator. 
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Longitude of a star or planet, its distance from the fiiat 
point of Aries, reckoned in degrees, dec, upon the ecliptie. 

Luminary, a body giving light, a celestial body. 

Lunar, relating to the moon. 

Lunadonj-Hae time between one new moon and another ; 
which is, on an average, 29 days, 12 hours, 44 minutei^ 
8 seconds. 

MacuIcBy dark spots which appear on the face of the 
sun ; and Facula are bright spots sometimes seen on the 
solar disc. 

Magellanic clouds, certain whitish appearances in the 
heavens, in the southern hemisphere, supposed to consist 
either of an immense number of stars or nebulae; 

Magnitudes, The stars are divided into six classes ; the 
brightest are called stars of the first magnitude ; the next 
in brightness, the second magnitude, dec. 

Mean motion of a planet, that which would take place 
if it moved in a perfect circle, and equally every day* 

Meridian, a great circle of the sphere which passee 
through the zenith and the poles, 'and is perpendicular to 
the horizon. 

Meteors, transitory luminous bodies in the air or sky. 

Micrometer, an instrument fitted to a telescope to meas- 
ure very small angles ; as the diameters of the planets, dec. 

Microscopic, relating to the properties of the microscopet 
— an instrument for magnifying small bodies by an ar- 
rangement of glasses or lenses, — ^to be seen only with the 
microscope. 

Milky Way, Via Lactea, or Gralaxy, the broad white 
path or cloud, seen as such by the naked^eye, and vary- 
ing in width from 5 to 16 degrees, but fi>und by the tele- 
scope to consist of innumerable stars, ^8 or 10 millions at 
least,) and assemblages of nebuls ana clusters of stars, 
the mingling light of which evolve whiteness. 

MyihoiU^ical, relating to the fabulous, though sometimeft 
beautiful stories and theories of the ancients. 

Nadir, that point in the heavens directly oppoate to the 
zenith, or immediately under our fideU 
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NehdiBy luminous spots in the heavens, or clusters of 
small stars, discovered by the telescope. 

Nocturnal arc, that space ef the beavens which the sun 
apparently describes from the time of his setting to his 
rising. 

Nodes, two points where the orbit of the nnoon, or of a 
planet, intersects the plane of the ecliptic. 

Nucleus, a term used to denote the head of a comet. 

Oblique ascension, an arc of the equinoctial contained 
between the first ' degree of Aries, and that point of it 
which rises with the centre of the sun or star. ' 

Oblique sphere^ that position of the globe in which either 
of the poles is elevated above the horizon any number of 
degrees less than ninety. 

Observatory, a pkce or building fitted up and provided 
with proper instruments for observing celestial bodies. 

Occultation is when a star or planet is hid from our 
flight by the interposition of the moon or some other planet. 

Opposition, an aspect of the stars or planets when they 
are 180 degrees distant from each other, marked thus, 8 • 

Orbit, the curve which a planet describes in its revolu- 
tion round the sun. 

Orrery, a machine to represent the motions of the plan- 
etary bodies, so named in honor of the Earl of Orrery. 

Oscillatory, moving backward and forward, like a pen- 
dulum. 

Parallax, the difference of the place of any celestial 
object as seen from, the surface of the earth, and from its 
centre. 

ParaUote of the earOCs annual orbit, the angle at any 
planet subtended by the distance between the earth and 
the sun. 

Parallels of latitude, small circles of the sphere which 
are drawn parallel to the equator. 

Penumbra, a faint shadow observed between the perfect 
shadow and the full light in an eclipse. 

Perigee, that point of the splar and Arnar orbit wfaidi 
is nearest the earth. 
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Perihelion, that point of the orbit of a planet neaiest 
the sun. 

PeriscU, the inhabitants of the frigid zones, so named 
because their shadows go round them for six months, or 
fail towards opposite points of the compass. 

Perturbation, disturbance, disorder, disquietude. 

Phases, the different appearances of the illuminated 
parts of the moon or planets. 

Phenomenon, any extraordinary appearance in the 
heavenS) as a comet, &Ck 

Planetarium, an astronomical machine for showing the 
motions and other phenomena of the planets. 

Planetary, relating to planets. 

Pleiades, or the seven stars, an assemblage of stars in 
the constellation Taurus. 

Polar circles, two small circles, 231 degrees from the 
poles ; the arctic in the north, and the antarctic in the 
south. ^ 

Pole star, a star of t)ie second knagnitude in the tail of 
the Little Bear; so called, because it is near the north 
pole. 

Precession of the equinoxes, a slow motion of the two 
points where the equator intersects the ecliptic, which go 
backward about 50 seconds in a year. 

Quadrant, the fourth part of a circle ; or an instrument 
foi^ measuring angles, and taking the altitudes of the sun 
and other heavenly bodies. 

Quadrature, that position of the moon when distant 00 
degrees from the sun ; as in the first and third quarters. 

Radius Vector, a line supposed to be drawn from the 
centre of any planet to the centre of the sun, which, mov- 
ing with the planet, describes equal areas in equal times* 

Rrfracthn, the bending of the rays of light in passing 
through the atmosphere, by which the heavenly bodies 
appear more elevated than they really are. 

Rrfrangtble, capable of being bent or turned aside. 

Regulus, a stai of the first magnitude in the con^Blliu 
tioQ Leo. 




# , 



■' APPENDIX. 215 



Resolvdble, that which may be analyzed, brought to- 
gether and explained or defined. 

RetardaUoni hinderance, act of delaying. 

Retrograde, 9Ji apparent motion of the planets in some 
parts of their orbits, when they seem to go backward, or 
contrary to the order of the sfgns. 

Bigiu ascension is that degree of the equator which 
comes to the meridian with the sun, moon, or star, reck- 
oning from the first point of Aiies. 

Rotation, the motion of any hearenly body round its 
axis. 

SatelUtes, secondary planets or moons, which revolve 
round the primary planets. 

Selenography, a representation of the moon, with a de- 
scription of her different spots and appearances. 

JSextikyjoi aspect of the heavenly bodies, when they are 
60 degrees distant from each other. 

Sidereal, of or belonging to the stars. 

Sign, the twelfth part of the ecliptic, or 80 degrees. 

Sirius, " the Dog Star," one oi the brightest in the 
heavens, is in the constellation Canis Major. 

Solar, relating to the sun. 

Solstitial points, the first degree of Cancer and Capri- 
corn, at which the ecliptic touches the tropics. 

Sphere, the concavity of the heavens in which the stars 
appear. 

Sphericity, rotundity, roundness. 

Spica, a star of the first magnitude in the constellation 
Virgo. 

Star BuH, duster, of small stars appearing like spark- 
ling sand. , 

Stellar, relating to stars. 

System, a number of bodi^ revolving round a common 
centre, as the planets round the sun. 

Syzigy, a term usualjy applied to the moon, when in 
opposition or in conjunction, or when at the new or full. 

Telescope, an optical instrument for the purpose of view 
ing distant objects, particularly the sun, mooui planet% 
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and stars. Tdesdopes produce their effects either \^y 
refraction through glasses, or reflection from speculums. 

Telescopic stars, those stars which are only visihle by 
means of telescopes. All stars heyond those of the sixth 
magnitude are reckoned telescopic stars. 

Torrid zone, that part of the earth which is contained 
between the two tsopics. 

Trajectory a term applied to the orbit of a comet. 

Transit pf a planet , denotes its passing over another 
planet or star, or across the disc of the sun. 

Trinef an aspect of the planets when they are 120 de- 
grees distant from each other. 

Tropics, two circles parallel to the equator, and 23 de- 
grees 28 minutes distant ' on each side of it. They are 
named Gander on the north, and Capricorn on the south. 

Vertical circles, the same as azimuth circles, or iuch 
as are drawn perpendicular to the horizon. 

Prime vertical, is that azimuth circle which passes 
through the east and west points of the horizon. 

Year, (the solar,) the time which the sun takes to pass 
from one tropic till it returns to the same again, and is 
865 days, 5 hours, 48 minutes, 49 seconds. 

Year, (sidereal,) the time which the sun takes to pasi 
from any fixed star to the same again, and is 365 daye^ 
6 hours, 9 minutes, 9 seconds. 

ZerM, that point of the heavens immediately over 
head. 

Zodiac, a zone surrounding the heavens, 16 degrees 
broad, in the middle of which is the ecliptic. The orbits 
of all the old planets are included in this zone. 

Zodiacal, relating to the Zodiac, great circle of the 
^here, signs, &c. 

Zodiacal light, a brightness sometimes observed in the 
heavens, somewhat similar to the Milky Way. 

Zone, a division of the sphere between two parallels of 
latitude. There are five zones; one torrid, two temper* 
ate, and two frigid. 



QUESTIONS 

ON THB 

ELEMENTARY ASTRONOMY 

BY H. MATTISON. 



LJB8S0N 1. — ^What do we understand by the tenn science ? 
What is aetronomy ? How do the sun and moon compare with each 
other in their apparent size ? How with the other heavenly bodies ? 
What difference in their light ? What said of their change of posi- 
tion with respect to each other? What said of the different appear' 
ances of the moon ? What remark respecting the Jtoma of the old 
and new moon ? In what direction does the moon actually go ; and 
how is it ascertained 7 What said of her covering, or obscuring , the 
stars? What of the dark lines or figured upon her face? What is 
an eclipse ? Have you ever seen one ? Was it of the sun, or moon ? 
What said of the apparent size of the stars ? What of their relative 
positions? What exceptions to their general apparent fixedness? 
What irregularity is observed in their motions? What said of the 
morning and evening star? Of the stars about the North Pole? Of 
the change of the sun^s position, from winter to smnmer, &c.? May 
all the phenomena thus far enumerated be observed by the naked eye, 
or without telescopes ? How did the ancients study astronomy ? Of 
what is the science of astronomy composed, and how is it constituted? 

S. — ^Where do we find the ddest records of astronomical science ? 
What clusters of stars are there mentioned, and in what books? How 
does the Bible represent the earth as upheld ? What Greek philoso- 
pher taught astronomy before Christ, and who in the second centuiy 
after Christ? WhafI was Ptolemy's theory called? Where did it 
locate the earth? Describe the Ptolemaic theory in detail, and illus- 
trate by the mapw 

3. — Were there any special difiicnities in the theory of Ptolemy ? 
What is the first mentioned by your author? What is the second? 
What is the third, and how is it illustrated ? What is the fourth and 
last difficulty named ? What would be the hourly motion of the sun 
upon this theory 7 How swiftly would it require the nearest fixed 
stars to move ? Was such an absurd theory ever generally believed? 
How long did the doctrines of Ptolemy prevail ? 
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4. — ^Who originated the present generally received 83r8tem of 
tronomy? About what time ? What is this theory called, and why? 
How does this system account for the apparent daily motion of the 
sun, moon, &&, from east to west 7 Do we ever suppose objects to 
move that are at rest, simply because we are moving ? Give an ilfaiB- 
tration. Where does the Copemican theory place the min ? What 
two motions does it attribute to the numerous worids that surround 
him ? What does the first of these motions produce, or cause ? What 
the second ? What map illustrates this theoiy ? Where is the sun 
seen on the map? Where the planets, and fixed stars? What is 
meant by the orbit of a planet, and how represented on the map? In 
what direction do the planets move around the sun? How indicated 
on the map? What particular fact is referred to as evidence of the 
truth of the Copemican theory ? 

0. — What are the first grand divisions of the univerM 7 What ii 
meant by the eolar system ? What by the sidereal heavens ? How 
is the former situated in respect to the latter? Which of these grand 
divisions is first considered by your author? 

0. — From what does the solar system derive its name 7 What are 
the bodies of our system called, as a whole ? How are the solar bodies 
first divided? How is the sun distinguished from the planets? The 
planets from the sun? What does the term planet signify ? How 
are the planets divided ? What are the primaries ? Describe the 
secondaries. Point out each on the map. Which are the interior 
planets, and why 7 Which the exterior ? What are the asteroids ? 
What are comets, and how distinguished? Point out the dififerent 
classes of solar bodies on the map. 

7. — How many primary planets are there? What are their 
names ? What are they generally named after ? In heathen my- 
thology, who was Mercury, and what does the astronomical sign of 
this planet represent 7 Who was Vemts, and what is her sign ? What 
two signs represent the Earth ? Who was Mars, and what is hii 
sign 7 Describe Vesta, and her sign ; Astrea, and her sign ; Jvno, 
and her sign ; Ceres, and her sign ; Pallas, and her sign ; Jupiter, 
and hisfiign. What is the origin of the sign of Jupiter? Describe 
Saturn, and his sini. From what did Herschel derive his name ? 
What other names has he 7 What constitutes his sign 7 From whom 
does Le Verrier derive his name? Of what is his sign composed? 
What name did the Board of Longitude of Paris rectmmiend for this 
j»lan6t7 Can you make the signs of the different planets upon the 
black-board 7 [The class should here make and explain the di£fer- 
'•ent signs, in consecutive order.] Make the sign for new, half -grown, 
And fuU moon. The signs of the sun. What does the first repre- 
r sent 7 Find the several primary planets on the map. Where shooU 
.Ls Verrier be placed 7 
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8. — ^What 18 the sabject of this lesson 7 What is the scale of dia^ 
tancea employed on the map? Give the distances of the several 
planets, conmaencing at the sun. What said of conceiving justly of 
such vast distances 7 At the rate of five hundred miles per hour, how 
long would it require for a body to pass from the sun to Mercury 7 
How long from the sun to our dobe? How long to reach Herschel 7 
What illustration employed? How long would it take for a train of 
cars to pass from the sun to Mercury, at thirty miles per hour 7 To 
our globe 7 To Herschel 7 To Le Verrier ? How illustrated by refer- 
ence to Whitney's proposed railroad? If a train of cars had left the 
son, at the creation of the world, to visit the orbit of Herschel, where 
would they be now 7 How much longer would it require to finish the 
journey 7 To reach the orbit of Le Verrier 7 

O. — What is the subject of this lesson 7 What is a circle ? A 
quadrant 7 A sextant ? A sign ? A degree ? A minute ? A 
teeond ? Illustrate these severed divisions of a circle, by the map. 
How many degrees are there in a circle 7 Have all circles the same 
number of degrees? Make the signs for degrees, and minutes, and 
seconds. What is measurement by degrees, minutes, and seconds, 
called? 

XO. — Give examples of angular measurement, distances, diameters, 
altitudes, and velocities, from the map, Fig. 1. How does the dis' 
tance of the observer from an object effect its apparent magnitude, 
&&? How is this illustrated by Fig. 2 1 

U.— Upon the principles of the preceding lesson, how would the 
son appear, viewed from Mercury ? From Venus 7 From Le Ver- 
rier 7 From Siriu8 7 What is the angular diameter of the sun, as 
viewed from our globe 7 What would it be from Mercury 7 From 
Jupiter 7 From Herschel 7 From Le Verrier 7 What idea of tho 
distance to Le Verrier would arise from the diminutive appearance of 
the sun, if viewed from that point? 

X2, — ^What is the subject of this lesson 7 By what rule do we 
determine the relative amount of light received by bodies placed at 
unequal distances from their luminary 7 How is this rule illustrated 
by Fig. 4? 

X3. — By applying the rule of the preceding lessons to the planets, 
and supposing the light and heat of each to be proportionate, what 
would be the relative light and heat of Mercury, Venus, &c. 7 What, 
then, would be the average temperature of Mercury? Of Venus? 
OfJupiter? OfSatum? OfHerschel? OfLeVerrier? Isitcertain 
that the light and heat are proportionate upon the several planets? 
What said of the temperature of Mercury 7 What of the temperatnro 
of Jupiter, Saturn, Heracfiel, and Le Verrier 7 
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X4. — ^What is the subject of this lessoh? By what scale are the 
planets drawn on the map ? Is the sun drawn upon the same scale 1 
Why not? Give the diameters of the several planets, beginning at 
Mercury. Do the relative sizes on the map seem to correspond with 
these diameters 7 At forty thousand miles to an inch, what should 
be the diameter of Saturn, on the map, according to the table of ma|r. 
nitudes ? What should be the diameter of the earth 7 

U. — Of what does this lesson treat ? What is the scale of map 4? 
What is the actual diameter of the sun, in miles ? At forty thousand 
miles of diameter to an inch, how large must he be drawn to corres- 
pond with the other planets? What is the bulk of Mercury, as com- 
pared with the earth? Of Venus? Of Mars? Of Jupiter? Of 
Saturn ? Of Her^hel, and Le Verrier ? What is the bulk of the 
gun, as compared with our globe? What as compared with the 
whole solar system besides? How many globes like ours would 
it take, if laid side by side, to reach across the sun's diameter? 
What illustration of the sun's magnitude is drawn from the moon's 
orbit? 

X0. — What is the subject of this lesson? What is meant by den- 
nty ? Give examples of substances of difierent densities. Have all 
the planets the same density ? Give the density of the several plan- 
ets, as compared with the earth, and the substances with which they 
most nearly agree in weight. 

X7, — The subject of this lesson ? What is meant by gravitation ? 
What constitutes the weight of bodies ? Upon what does the amount 
of weight depend ? Do large bodies always attract more strongly 
than small ones? Why not? Do the planets diB»r in their attractive 
force ? What would a body weighing one pound on the earth, weigh 
upon Mercury ? Upon VenuSf olc. ? What upon the sun ? What 
said of the attractive force of the asteroids ? Is the attraction of 
the planets in proportion to their bulk ? Why not? 

18. — What is meant by the periodic revolution of a planet ? What 
by its periodic time ? Can you give the periodic times of the several 
planets? What constitutes a planet's year ? Do all the lionets move 
with the same velocity ? 

10. — ^What is the subject of this lesson ? Can you give the hour- 
ly motion of the several planets ? 



^ — ^What is meant by the centripetal force of a planet ? What 
by the centrifugal ? What would be the result were the centripetal 
tiice suspended ? What if the centrifugal? Why does Mercury 
revolve more rapidly in his orbit than any other planet ? Why & 
the more distant planets move so slowly ? What particular fact re- 
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specting the motions of the planets is mentioned as exhibiting the wis- 
dom of God? 



. — ^Haye the planets any revolntion except around the son ? 
What is it called in the caption of this lesson 7 What natural plie- 
ncmiena are produced by the revolution of the planets upon their axes 7 
Recite the time occupied in the diurnal revolutions of the several 
planets, so far as known. What do you observe as rather remarkable 
respecting the first four planets 7 What peculiarity in the time of 
Jupiter and Saturn ? How many days have Jupiter and Saturn in 
one of our years 7 How many has Jupiter in one of his years 7 How 
many has Saturn in one of Ats years 7 How was it ascertained that 
the planets had a diurnal revolution 7 Has the motion of the planets 
oa their axes any effect in modifying their /ortfM ? 



L — ^What efkcia would follow if the planets were cubes instead 
of globe* ? Are the planets exactly spherical in their forms 7 What 
is their true figure? Where is their diameter greatest? What 
causes this flattening or oblateness 7 What is the dmerence between 
the polar and equatorial diameter of the several planets 7 

S3. — What is the ecliptic ? Point out the ecliptic on the map. 
Why is the earth represented of different sizes 7 What said of her 
phases, color, &c. 7 What do the arrows set in her orbit indicate 7 
What further illustration of the ecliptic is given by the author 7 Am 
the sun and earth always in the plane of the ecliptic ? 

24. — ^What are the poles of the earth 7 What the poles of the 
ecliptic / How illustrated by the pointer and map 7 Are the eclip' 
tie and the earth's equator in the same plane 7 How, then, with 
their poles ? 



\, — How does ehe ecliptic lie with respect to the earth's equO" 
tor ? How does this affect the position of the sun at different seasons 
of the year 7 Does the plane of the equator pass the ecliptic perpen* 
dieularly or obliquely ? What an^e is included between them T 
What is this deviation of the ecliptic from the plane of the equator 
called 7 Can you illustrate this subject by the map? 



L — ^What is the Zodiac ? How is it represented on the map? 
What portion of the heavens does the Zodiac include 7 

QI7m — The subject of this lesson 7 How is the Zodiac divided 7 
How are these divkions shown on the map 7 What did the ancients 
imagine respecting the stars of each sign 7 What are the names of 
the twelve signs 7 Can you make their symbols on the black-board 7 
What notion had the ancient astrologists respecting the signs 7 Are 
there any that still hold to this idea 7 Is it correct 7 What do they 
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teem to undentand by the word *' ngn ?" What is its tme meamiif 
in Afltronoiny ? 



t. — Its subject? What does Figure 1 on the map represeiit? ' 
What is the plane of the ecliptic ? [23] How many times must t 
planet pass through the ecliptic at each revolution 7 What are the 
points called where a planet cuts the ecliptic 7 How are the nodes 
distinguished 7 Can you make the astronomical sign for each? 
What is meant by the line of ike nodes 7 Point it out on the map 
In the fimire, where is the Ascending Node placed as respects the 
signs ? Where the descending 7 Does the figure rej^esent the ac- 
tual position of the nodes of any planet's orbit f 



^. — What is a transit ? Which of the planets make transiti 
over the sun's disc visible to us 7 Why do not the other planets? 
What planets would make transits if we were placed upon Heischel 7 
Where must the planet making the transit be, at such time, in re- 
spect to the nodes of its orbit 7 How with the observer 7 Why do 
not the interior planets make transits at every conjunction with the 
sun 7 How could this be effected while their orbits do not coincide 
with the ecliptic 7 How are transits calculated 7 How often caa 
the Earth and Mercury meet at the same node 7 

30. — Subject 7 In what numths do all the transits of Mercmy 
occur 7 Why is this 7 At which node do his November transits oc- 
cur? His illay transits? Do the transits in the taUe conform to 
the ratio laid down in Lesson 29 7 Did you ever see a transit 7 Whea 
does the next transit of Mercury occur 7 



Subject 7 How many revolutions of Venus equal eight of the 
earth 7 Can you state any of the other periods in the table 7 Where 
does the line of Venut? nodes lie 7 When does the earth pass these 
points in the ecliptic? What fact follows from the last-named 
xarcumstanoe? When does Venus make the next transit? How 
many, yet to oeeur, are laid down in the taUe 7 Are those predicted 
to occur in accordance with the ratios given at the commencemeot 
•f the lesson ? 



Subject ? What do you understand by an eclipse 7 [23] 
What are the orbits of the planets? [4] What does Fig. I on the 
map represent 7 Is any planet's orbit thus inclined 7 What does Fig. 
2 represent 7 Where is the sun placed 7 What represents the Eclif' 
tic 7 What are seen on the right and left 7 What do the plain lines 
represent 7 Where do you find the names of the planets, and where 
the amount of their inclination respectively 7 How much is the orbit 
of Mercury inclined 7 That of Venus 7 Earth 7 (Think, now.) 
Mars, &C. 7 What part of the map represents the Zodiac 7 Where 
do most of the planets' orbits lie, as respects the Zodiac 7 What ez« 
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ecpftions ? Hence sometiiiiet called what ? What two objects are 
seen near the middle of the figure ? What difference in their direc- 
tion ? What fact is this designed to illustrate ? 

33.— Are the equinoctial and ecliptic in the aatne plane ? At 
what angle do they intercept each other ? What is terrestrial lati' 
tude ? u eelectial latitude reckoned from the equinoctial or celestial 
equator ? From what, then ? What, then, is celestial kUitude ? 
What seeming contradiction follows from this fact ? 

34. — ^What is longitude on the earth ? From what point in the 
heavens, and how, is celestial longitude reckoned ? What is the map, 
as a whole, a representation of? How must it be placed to answer 
to the Zodiac in the heavens 7 Show me where you begin to reckon 
longitude on the map, and where you end. If Aries, for instance^ 
were directly overhead, where would Libra be ? What is the lon- 
gitude of the Twins ; the Lion ; the Balance ; the Groat, &c. 1 

36. — Subject 7 In what signs are the nodes of Mercury's orbit T 
Where and how is this illustrated 7 Which nde of the ecliptic is con* 
ridered as abovct and which below ? What, then, is it to ascend 
above, or descend below it 7 What do the arrows near the sun show 7 
What the next pair 7 Why is not the longitude of both nodes laid 
down in astronomical tables 7 What example does your author cite 7 
Can you give the longitude of the ascending nodes of the planets 
respectively 7 

33. — Subject 7 What is a constellation ? Do the signs and coi»- 
sftellations of the Zodiac bear the same names 7 Do the signs " gov- 
ern" di£R9rent parts of the human body, as stated in some idmanacs? 
What are the names of the constellations of the Zodiac 7 

37. — Subject 7 What does Fig. 1, Map 5, represent 7 When 
the earth is in Libra where will the sun appear to be ? As she passes 
wound to Scorpio, what will the sun appear to do ? Hence what does 
the sun seem to do once a year 7 How is this illustrated by Map 6 7 
What is the earth's longitude on the 20th <tf March? What sign 
does the sun enter on that day 7 When does the sun enter the dif- 
ferent signs? Does he really nume around the ecliptic? Wha^ 
then, gives him his apparent motion ? Which are the spring aupis, 
and why so called 7 Which the summer ? The autumnal ? The 
winter? 



L — Are there any stais above us in the daytime 7 Why do we 
not see them 7 If we could see them would they be the same that 
we now see in the night 7 What stars, then, are above us in the day- 
time? Are stars ever visible in the daytime? When? How? 
Why do the stars rise earlier and earlier every night from year to 
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year ? How do you illustrate this subject by the map ? What other 
use do you make (tf this map ? 

39. — Subject 7 Why are the names of the months placed as they 
are on the map 7 Do the months and signs agree in longitude 7 
Which is entered first, the new sign or the new month 7 What ii 
the difference of time 7 How is this shown on the map 7 

40. — Subject 7 By what imaginary lines is the Zodiac divided? 
How distinguished on the map 7 What are the equinoctial points in 
the earth's orbit 7 Why so called 7 What is the equinoctial ? 
When does the earth pass the equinoctial points 7 How are these 
points distinguished 7 

41. — Subject? Is this an easy or a dii&cult lesson? In what 
signs are the equinoctial points 7 What do you understand by the 
" Precession of the Equinoxes ?" Is it an actual precession of the 
equinoxes, or a recession ? Do the equinoctial points, then, actually 
recede ? What is the amount of their annual motion 7 Are the equi- 
noctial points fixed points, then 7 What, then, constitute the vernal 
and autumnal equinoxes ? What constitutes a natural or tropical 
year ? Is the equinox reached before the earth has made a complele 
periodic revolution 7 How much more time is requisite to complete 
a sidereal revolution 7 How long does it take the sun and equinoxes 
to fall back a whole degree 7 Do the signs recede like the equinoxes? 
Which way do they seem to move from the equinoxes? What does 
this motion require in regard to maps and celestial globes? How 
often does this recession of the equinoxes amount to 30^ 7 

42. — Subject 7 How are the solstitial points represented on the 
map 7 When does the earth reach the summer solstice 7 When» 
does the sun seem to be then 7 When does the earth reach the win- 
ter solstice 7 Where is the sun then 7 What causes the declinatiou 
of the sun north and south of the equinoctial 7 

43. — Subject 7 What are the Colures ? How are they distut- 
guished, and why 7 How are they compared to meridians 7 How 
do they divide the celestial sphere'? How illustrated by hoops of 
wire? What is gained by knowing the place of the colures in the 
heavens? 

44. — Subject 7 Upon what supposition has your author proceed- 
ed thus far, as respects the planets' orbits 7 What is their true fig- 
ure 7 Where is this represented 7 Are the planetary orbits all ahko 
in this respect 7 What bodies have orbits still more elliptical 7 Where 
is the sun found as respects the centre of these elongated orbits ? 
Illustrate by the map. What is the point where the sun is found 
caUed7 
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4US. — ^The subject ? What is the perihelifm point in a planet's 
orbit 7 What the aphelion ? What S^ perigee and apogee mean hi 
respect to the moon ? Point out the perihelion and aphelion point* 
in the earth's orbit, on the map. What is the difference between tho 
perihelion and aphelion distance of a planet 7 What is meant by its 
mean distance 7 Which distance is given m Lesson 8 ? What do 
you understand by the longitude of perihelions ? In what Umgi- 
tude is the earth nearest the sun 7 Can you point out upon Map 6 
the perihelion points of the several planets, according to the longi' 
tude given in the table 7 

40. — What is the subject of this lesson 7 What is meant by th« 
eccentricity, of a planet's orbit 7 How illustrated by the map 7 What 
is the eccentricity of the orbit of Mercury 7 Of that of Venus 7 Of 
the Earth 7 If the sun is X,6 18,000 miles one side of the centre of 
the earth's orbit, how much nearer the sun is the earth at perihelion 
than at aphelion ? Which of the planetary orbits are the most ollijv- 
tical 7 Which is the nearest a circle 7 

47. — Subject 7 How much is the eartVe axis inclined to the 
ecliptic? Where is this illustrated 7 What other fact is illustrated 
by the same figure 7 When does the light of the sun extend to both 
poles 7 When have we the greatest amount of sunlight in the north- 
em hemisphere 7 Is it summer or winter here, then 7 Where, on 
the map, is the earth at this time 7 Where is the earth at the time 
of the winter solstice 7 What has the sun appeared to do between 
the summer and winter solstices 7 What is thus produced by his 
seeming change of position 7 Are we nearest the sun in summer, or 
^ winter ? Why, then, is it not warmest in the northern hemisphen 
in December 7 How may the eccentricity of the earth's orbit affect 
the seasons 7 

48. — Subject 7 What do you understand by the sun's declination 7 
When does he have northern declination 7 When southern 7 What 
is his declination at the time of the equinoxes 7 When is it greatest? 
What figures illustrate this subject 7 What does Fig. 2 show 7 What 
further illustration have we in Fig. 3 7 Point out the place of the sun 
at the time of the winter solstice. Where is he on the 20th of 
March 7 Where on the 23d of September? Where on the 21st of 
June 7 Is he directly overhead then 7 How many degrees dOes he 
lack of it, according to the figures? What is meant by the zenith 
point 7 From all Siis, what do we learn respecting declination 7 ' 

49. — Subject? What do you understand by right ascension? 
What is the equinoctial 7 [40] Wherein does celestial latitude di^r 
from terrestrial? What celestial measurements, then, answer to 
latitude and longitude on the earth 7 Could you understand and re- 
member declination and right ascension better, if they were called 
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eeleitial latitude and longitude ? What does yonr author think of 
■nch a change of terms ? • Haw many degrees of right ascension en 
there be 7 Wherein do right ascension and celestial longitude diftr? 

50. — ^What is the ecliptic f What are the orbits of the planets? 
What is the subject of lesMn 32 ? What the subject of this leooDf 
What does your author say of this lesson ? Whai represents pc^Uooi 
of the planetary orbits on the map ? How are their several axes 
shown ? How their equators ? Their zones ? Upon what does tbe 
extent of the torrid zone of a planet depend ? How does the son'i 
declination north and south of the equator, and polar inclinations 
agree? How does the torrid zone compcure, in its extent, with the 
polar inclination of a planet? Do you now understand how the incli- 
nation of the axes of the planets affects the extent and character of 
their zones? What said of Mercury, the asteroids, Herschel, and Le 
Verrier? 

5L — Upon what two causes do the seasons of the planets depend? 
What does the former determine? The latter? Illustrate by the 
map. Have you reviewed lesson 46 ? [See questions.] Do you stifl 
remember what is meant by the obliquity of the ecliptic ? What do 
you understand by declination ? What is the diflbrence between the 
ecliptic and the equinoctial ? 

52. — Subject? How far are Venus' tropics from her equator? 
Has she a frigid zone ? What said of the sun's declination upon 
Venus? Of her seasons? Can such seasons produce vegetation? 

53. — Subject ? What said of the polar inclination of Mais 7 Atb 
his seasons, then, like ouro ? Why not ? How many seasons has he? 
What is their length? 

54. — Subject ? What is the inclination of Jupiter's axis to, the 
plane of his orbit? How does this affect his zones? What said of 
the sun's declination upon Jupiter? Of his temperate zones? Hii 
days and nights? His poles? What is his light and heat, as com- 
pared with our globe ? His diameter? His reUtive magnitude ? Hii 
figure ? The time of his rotation upon his axis? His mean distanoe 
liiom the sun? 

55.— Subject? What said of his polar inclination? What is hii 
periodic time ? What is the number and length of his seasons ? What 
said of his polar regions ? Where do the rtii^s of Saturn lie ? What 
is the time of their revolution ? How crossed bv the sun ? How an 
the sides of the rings alternately enlightened ? What said of the 
seasons on the sides of the rings? When will they be turned edge- 
wise towards the earth? How will he be enlightened then? Where, 
in his orbit, will he then be ? Where in seven and a half years after? 
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How win hii rings then appear? What will the sun's declination 
then be from the planet's equinoctial? What will follow in seven 
and a half yean more ? When will his rings become invisible ? Why 
ean they not then be aeen? When will they become visible again? 
Have we any further illustration of the seasons ci Saturn, the struc- 
ture of his rings, &c. 7 Have all the planets, then, their day and 
Aight, cold and heat, winter and summer, &c. ? 

IM« — Subject ? What is celestial longitude ? [34] When are plan- 
ets said to be in conjunetion 7 How illustrated by the map ? What 
planets have two conjunctions ? What are they called ? What is 
the difference ? Illustrate by map. What diderence in the distance 
of Venus from the earth at her two conjunctions ? How explained 
by the map? What conjunction has the exterior planets? Why 
not an inferior conjunction ? When is a planet said to be in opposi- 
tion ? What .said of the rising and setting of planets in conjunction 
and opposition? Make the astronomical signs for conjunction and 
oi^KMsition upon the black-board. As Venus, passing eastward, 
forms a conjunction with the sun, how does she usually pass him? 
How is this accounted for? When does Venus pass over the sun's 
disc ? How is such transit illustrated by the map ? 

97. — Subject ? What is a sidereal revolution of a planet ? What 
a synodic ? What is the diB»rence? How illustrated by the map? 
How long from one inferior conjunction of Venus to another ? Why 
do the synodic periods of Jupiter, Saturn, &«., vary so httle from the 
periodic time of the earth ? 



^. — Subject? What difl^rence between the direct and retro- 
grade motions of planets ? Can you explain the cause of this seeming 
retrogression, and illustrate by the map? 



'an you explain the retrogression of the exterior planets by 
the map ? What is meant by the ** arc of retrogradation ?" Why 
have the. more distant planets the smallest arc ? Why so long in 
retrograding so short a distance? 



^^. — Subject ? When is Venus east, and when west of the sun 7 
When is she morning star, and why? When evening star, and 
why? What did the ancients think (tf this star, and how named? 
How long is Venus alternately morning and evening star? What is 
meant by her greatest elongation east and west ? Can you illustrate 
the diffisrent points in this lesson by the map? 

TO.— Subject? WhBiiametasthy" phases?"* Why do Mercury 
and Venus present different phases ? Illustrate by map. When does 
Venus appear largest, and why ? 
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9^ — Subject ? What three facts does your author state req>oel- 
ing the primary [Janets ? Have any spots ever been seen open 
Mercury 7 By whom? What else does he say he saw and mea^- 
ured ? What is the telescopic color of Mercury ? Have you care- 
fully noticed the ten views of Venus shown on the map 1 What do 
you suppose these spots to be? What said of the mountains of 
Venus ? What of her atmosphere ? What of her color 1 What 
does Fig. 13 on the map represent ? Where is the observer supposed 
to be, and how assi^ed in his vision ? Why would the land appear 
brightest ? From what would the observer infer that our globe revolved 
on her axis, and the time of her rotation ? Fr(nn what the inclination 
of her axis ? From what iui'er that she had an atmosphere ? What 
said of zones, colors, &c. ? Which figures on the map are represen- 
tations of Mars ? Have you noticed the several figures from 14 to 23, 
by whom the views were had, and when ? How is this variety of 
appearance accounted for? What said of the bright spot. Fig. 22? 
What said of the surface of Mars ? What says Dr. Herschel of thia 
planet? Who constructed a map of Mars? What is his color? 
What is supposed to be the 6ause of this ruddy appearance? Can 
it be discerned by the naked eye ? What said of our knowledge of 
the asteroids ? Of the appearance of Pcdlas ? Are the asteroids visi- 
ble to the naked eye ? What is their telescopic color ? What does 
Fig. 24 represent ? What is hb color ? Where are his belts 7 What 
are they supposed to be ? What is their number 7 What said of 
changes in their forms ? Of spots in them ? Is the figure an exact 
circle ? Why not ? 

66.— Subject? What does Fig. 25 represent? What saM of 
Saturn's belts 7 His rings 7 Of the color 6i the {Janet and rings ? 
How was Saturn regarded before the invention of the telescope? 
Have you carefully ol^rved the diiierent views at the top of the map 
from 1 to 12, and noticed what is said of them in the lesson ? When, 
and by whom was the first view had ? Through how long a period 
do these views extend ? Where have we a correct representation of 
Saturn ? What said of the diiferent appearances of Saturn ? Can 
you explain the cau^e of these different aspects of Saturn, and illus- 
trate by the map ? For what other purposes may this diagram be 
used? What is the first fact shown? Illustrate. What is the 
second point illustrated ? How shown by map ? What next does it 
show? Where are Saturn's solstitial points? His equinoctial 7 
How may this diagram illustrate declinations 7 Why can we not 
■ee Saturn in the night at all seasons of the year? 

66. — Subject? What is Saturn's diameter? The distsmce from 
the body of the planet to the interior ring? What is the width of this 
ring? What space between the two rings? What is the width of 
the exterior ring? The distance across the exterior ring? What if 
the thickness of the rings? What does Fig. 4 represent ? What said 
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#f the Stan? What does Fig. 5 repraseiit? Describe its difierent 
parta What does Fig. 6 represent? What additional particulars are 
stated by your author respecting the rotation of Saturn, the nature of 
his rings, their actual separation, uses, &c. ? What said of spots upon 
Heischel? What said <tf his atmosphere? How does he appear 
through a telescope ? What is his color ? What said of Le Verrier ? 
What does Mr. Lasool say of Le Verrier's having ringt and a eatel- 
Ute? 

07. — ^What is the subject of this lesson ? Who discovered Mer- 
cury, Venus, Mars, Jupiter, and Saturn ? Can you tell when and by 
whom the other planets were discovered ? Who demonstrated the ex- 
istence of the last new planet 1 What other astronomer was making' 
similar calculations at the same time ? Who first saw Le Verrier, 
and where 7 Can you explain what has been called " Bode*» Law,** 
reelecting the distances of the planet? How does the distance of 
Le Verrier compare with the distances of the fixed stars ? What part 
of your book are you now in ? What part of the solar system have 
yon now gone over or considered ? 

08.— What is the subject of this chapter ? What of this lesson ? 
What are the secondary planets ? What number is known to exist ? 
How are they distributed to the several planets ? Point them out on 
the map. In what respects do the secondary planets resemble the 
primaries? What purpose do they seem to answer in the economy 
of nature ? What are they usually called ? 



K — Subject ? Is it probable that Venus has a satellite ? What 
is its supposed period, distance, and magnitude ? 

70. — Subject? Why is our moon an object of great interest to 
OS? What is her mean distance from the earth's centre ? How long 
is she in making a sidereal revolution? A synodic revolution? 
What is her hourlv motion in her orbit ? Her mean angular motion 
per day ? Her diameter ? Her angular diameter ? Her bulk as 
compared with the earth ? As compared with the sun ? What is 
the inclination jof her orbit to the ecliptic ? The inclination of her 
axis to the plane of her orbit ? In what time does she rotate upon 
her axis ? How much light does she reflect, as compared with the 
sun ? Why does she appear as large as the sun ? How does her 
distances compare with his ? Do you remember in what ratio diS" 
tance diminishes the apparent size of bodies ? Where and how is this 
illustrated ? 

71. — Subject? What does the nyiper row of figures represent? 
Can yon explain the cause of these various appearances of the moon, 
•8 seen from the earth ? How would she appear to a person sta- 
tioned in the sun ? Explain the difierent figures from A to H. What 

3 
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are such a reTohitioii and the eonseqiient changes called ? 'WhMV 
are the syxygiest quadratureSf and octants in the moon*8 orbit ? 

72. — What does Fig, 2 on the map represent? Where are Htm 
new moons seen? Where are the full moons? Which in cof^unc^ 
tion, and which in opposition ? [56] How much of the moon is &!• 
ways enlightened ? How many revohitions does the moon make in a 
year? What is a /unar year? How much shorter is it than the 
civil year? 

73. — Subject ? What are the nodes of a planet's orbit ? Are the 
moon's nodes permanent in the ecliptic ? What motion have they 1 
To what does it amount every lunar year ? How long, then, does it 
require for her nodes to revolve quite around the ecliptic ? 

74. — ^What is the difference between a sidereal and synodic 
revolution of a planet? Can yod illustrate by any figure on the 
map? 

76. — Subject ? What fact respecting the moon is obvious to the 
naked eye ? What four conclusions follow from this feict ? How is 
it shown by the map tnlfSf the moon always presents the same nde 
to the earth, she must revolve on her axis every 29^ days ? 

' 70. — Subject ? What is meant by the moon's librations ? What 
is her libration in longitude ? What causes this rolling motion ? 
What is libration in latitude^ and how is it accounted for ? 

77.— Subject? What is the length of the moon's year? What 
said of her days and nights ? Of the sun's declination upon her ? 
Of her seasons ? 

78. — Subject ? What does Fig. 4 represent ? What is meant 
by the " circle of illumination ?" What is the terminator ? How 
does this line traverse the moon's disc ? What are Figs. 5 and 6 ? 

70. — Subject? What particular fact becomes obvious by ob- 
ierviug the moon with a telescope? What three circumstances show 
the existence of lunar mountains? Can you illustrate by figures 4 
and 6 ? What is the character of the lunar mountains ? What did 
Dr. Herschel see ? What is said of seeing cities, fmtifications, &c» 
in the moon? Has the moon an atmosphere? How doeis she ap- 
pear through the monster telescope of Lord Roese ? 

80. — Subject ? What is the average height of the nine principal 
mountains of the moon ? Have you looked up TycAo, Kepler, Co- 
pernicus, &C. ? Can you point out the principal seas upon her sur« 
fiacet 
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8L — Subject ? How many moens has Jupiter ? ' What are their 
dktmetera respeotiyely ? What their diatancea from Jupiter ? What 
their periodic timet? What resemblaiice is discovered between 
Jupiter's first moon and ours? What striking contrast ? How does 
its velocity compare with that of our moon ? How is this rapid mo- 
tion accountect for ? How do the orbits of Jupiter's moons lie ? What 
is ti&eir inclination, respectively, to the plane of his equator ? What 
is said of their eccentricities ? In what direction do they revolve ? 
What said in respect to the visibility of these satellites ? What of 
Jupiter and his attendants as a whole 1 Can any member of the 
class point out each moon upon the map, and give their distances, 
magnitudes, and periodic times? 



Subject ? How many moons has Saturn ? How is this as- 
certained? In what direction do they revdve? What said of the 
form and poeition of the orbits of the first six ? What of the seventh 7 
Can you give their diatancee, respectively, from the body of Saturn ? 
Can any of them be within the rings of the planet ? [Compare with 
distance Lesson 66.] What are their periodic times? What said 
oi their relative magnitudes ? How are the two interior moons seen 
when the rings of Saturn are turned edgewise ? 

83.'*--Subject? How many moons has Hersohel? Can you re- 
cite their respective distances from their primary ? What are their 
periodic times ? What two remarkable peculiarities distinguish the 
moons of Herschel ? How is the latter indicated on the map ? What 
is the general form of the orbits of these satellites ? 

8^ — Subject ? Is it probable that Le Verrier has one or more 
satellites ? Have any ever been seen, and if so, by whom ? What 
other circumstances.seem to render the existence of such moons prob- 
able ? Do the secondaries rotate upon their respective axes ? Have 
they any attendants revolving around them T 

8^ — ^What is the subject of this chapter 7 What part of the solar 
83^em have you now considered ? What is the subject of this Zes- 
mm 7 What is an eclipee 7 A eolar eclipse ? A lunar 7 Where 
do we begin in explaining the philosophy of eclipses ? What is a 
ehadow 7 Upon what do the length and form of shadows depend ? 
Illustrate by map. What would be the form of the earth's shadow 
if she were larger than the sun ? When the opaque body is emaUer 
than the luminous, how does its diHance afl^t the length of its 
shadow? Illustrate by map. What diffisrence between the umbra 
and penumbra 7 What, then, is the cauee of a eolar eclipse ? Il- 
lustrate by map. Which limb of the sun is first obscured, and why ? 
Illustrate. What causes lunar eclipses ? Explain, by map, why the 
eaetem limb of the moon is first obscured. Why are eolar echpset 
always at nsio moon 7 Why lunar ai fuU wtoon 7 
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i, — Salject ? What is the fint thmg to be determined in caleo- 
lating a solar eclipse? How does the place of the earth in her orbit 
afiect the length of her shadow ? Illustrate. Why are the shadows 
of the earth and moon longer at U, and shorter at T ? How does the 
moon*» position, in her orbit, affect fur shadow T What is the ikird 
circumstance mentioned as aflfectiug the length of the roocm's shadow t 
"When the earth is at U, and the moon in perigee, how far will her 
shadow extend 7 What will be its diameter at the earth's suifaoe ? 
What of the penumbra f When will the eclipse be partial, and when 
total ? How is it when the sun and moon are both nearest the san» 
as at T and U T How when the sun and moon are at their mean 
distances ? Why do the sun and moon appear to vary in size ? How 
must the sun and moon be situated, as to distance, for a central solar 
eclipse to be total ? How long may a total eclipse of the sun last? 
When does the moon appear smaller than the sun ? ■ Should a central 
eclipse of the sun occur then, what would be its character ? How 
long may the ring last in an annular eclipse ? What is meant by 
" digits ?** Do you now understand the cause of partial, total, 
central, and annular eclipses ? What said of the eclipses of 1858» 
1861, &«.? Of those of 1854, and 1875? Knowing the time of one 
eclipse, how can we find the time of others, either past or to come ? 

87. — Subject ? What is the average length of the earth's shadow ? 
How does this compare with the moon 8 distance 7 What its average 
breadth at the distance of the moon? What three circumstances are 
mentioued as affecting the extent and duration of lunar eclipses? 
Illustrate the last-named principle. Why is a lunar eclipse ever 
partial ? Why are they never annular ? Describe the progress of 
a lunar eclipse. 

88. — ^Why do we not have two central eclipses every month ? Dlns- 
trate. Where must the moon be for an eclipse to occur? Ebcplain 
by Fig. 2. Must the moon be exactly on the line of her nodes? 
What are the solar and lunar ecliptic limits ? To what do they 
amount respectively? How illustrated by Fig. 2? What singular 
motion have the moon's nodes? Illustrate. Why are we sure of an 
eclipse every one hundred and seventy-three days ? What are the 
node months ? What the least, and what the greatest number at 
eclipses per year ? What the usual number ? 

89. — Subject? What causes the occuUation of a star? What 
eondusbns are drawn from these eclipses of the staia ? 

90. — Subject? Do all planets cast shadows? Wliy cannot tlM 
primaries eclipse each other ? What said of the character of Jupiter's 
shadow? Of its position ? Of the plane of his equator? Of the orbits 
of three of his moons ? What said of the fourth, or most distant 
satellite ? What is generally the case as to Jupiter's moons ? About 
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how many eclipsee has Jupiter in a month ? Are they osuany par^ 
tUU, or total, and why 7 What said of the riiadows of his satelfites 7 
What are the immtrsiona and emernons of his moons? How are 
these eclipses made serviceable in navigation 7 

< 

PI. — Subject? Has Saturn any eclipses? Why confined to the 
time when his rings are seen edgewise 7 What said of Herschol's 
moons? 

OS. — ^What is the subject of this chapter? Which division of the 
book are you now in 7 What are the subjects of the chapters already 
gone over? What is the subject of this first lesson on tides? What 
are tides ? Flood tide 7 Ebb tide? How many each day 7 What 
eausee the tides? What does Fig. 1 represent? What does Fig. 3 
illustrate 7 Fig. 3 ? How do you account for high tides on the side 
of the earth opposite the moon 7 Illustrate by map. What is the 
mipposed amount of the earth's perturbation, as aiiected by the moon ? 

P3. — Subject? Where is the vertex of the tide-wave generally 
found ? How illustrated by map? What is the cause of this lagging, 
or delay? Why is high-water latei^ &iid later every day? Why is 
every alternate tide higher than the intermediate ones, when the 
moon is far from the equinoctial ? Illustrate by the map. 



Subject? Is the moon the only cause of tides? What is 
the comparative bulk of the sun and moon 7 Why, then, is not the 
8un the principal cause of tides? Wliat is his influence upon the 
earth, in the production of tides, as compared with that of the moon? 
Would the sun alone produce a perceptible tide-wave ? When both 
influences are united, what is the comparative increase of the tide- 
wave ? When they counteract each other what is the result ? What 
are these very singular tides called 7 What the low tides 7 When 
do the spring tides occur 7 When the neap tides ? How illustrated 
by the map? When the sun and moon are in opposition, how are 
spring tides produced? Does your author seem satisfied with the 
usual explanation of this point? What objection does he name? 
What said of Professor Olmsted's explanation ? What does Fig. F 
represent 7 What A and C 7 What B and F? Can you state Pro- 
fessor Davies* theory, and illustrate by the map ? What says your 
author of this theory ? 



L — How are our tides afl^ted by the distance of the moon T 
Illustrate. What principle is illustrated at E ? What variations in 
the height of the tides in diflerent parts of the world, and how caused ? 
What said of local causes detaining or hastening the tides? Of lakes 
and inland seas? Of atmospheric tides 7 Of tides on the sun ? 

PO. — Subject 7 Define the apsides of the moon's orbit, and illua* 
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trate by map. What is meant by the ** motion of the aptUnT 
Illustrate. In what time is an entire revoltttion completed? Has 
this motion any connection with ecUpoeo ? 

97. — ^What is the subject of this chapter ? What are the sabjecti 
of the chapters preceding 7 What is the subject of this leeeon ? What 
said of the char Otter of comets? From what is their name derived? 
Of what parte do comets usually consist ? Describe each. Hare al 
comets a nucleue ? Have they all taile ? What says Gassini of the 
comet of 1682 ? What is the general direction of the tails of comets? 
Illustrate. Whatpeculiarity in the comet of 185^, and how ilh»> 
trated by ma|> ? How are the tails of comets nsaally curved ? Wbit 
is the cauee of this curvature ? Could a comet get through oar st- 
mosphere so as to Strike the earth 7 What said of the comet of 1744? 
How shown on the map? What said of the elongation and contrac- 
tion of the tails of comets ? Of eudden expansions ? Of the phytieel 
nature of comets? What proofs of their lightness from attra^lioQ? 
What was Sir Isaac Newton's opinion of their density ? How ars 
their orhite sometimes a^eted by the attraction of the planets? Are 
they self-luminous, or opaque bodies? What proof? Are theyii 
reality ** fiery bodies?" 



Subjects ? What said of the comparative eize of the nu- 
cUi of comets? Can you give the diameter of any ? What said of 
the magnitude of the taile of comets? Of that of 371 years beibrs 
Christ? Of A. D. 1618? Of 1680? Can you point out these 
comets on the map? - Give the length of the tails of some of the mart 
remarkable comets. Does the angular length of comets, as seen 
from the earth, show their true relative length 7 What said of tbe 
velocity of comets? What inequalities 7 When is their velocity 
greatest? When leaet? 'What was the angular velocity of the 
comet of 14727 [See lesson 10, and map.] What was the knrhi 
velocity of the comet of 1680 7 What said of the temperature of 
comets when nearest the sun'7 What was the perihelion distance of 
that of 1680 7 What its relative light 7 Its heat 7 What supposi- 
tion respecting the production of the tails of comets? 



L — Subjects? What is the periodic time of EncWe comet? 
Of Biela's 7 Of HaUey*8 7 Of the comet of 1680? When next to 
return 7 Have any still longer periods 7 Do all comets return to our 
system? Why not? What is Professor Nicholas opinion? Who 
concurs with him 7 What said of the distance to which some that re- 
turn must go? What does this prove in r^ard to the distauce to the 
fixed stars? What said of the perihelion distance of comets? How 
were the perihelion points of the one hundred and thirty-seven comets 
mentioned distributed 7 What said of the number of comets 7 What 
circumstances render it probable that their number amounts to millions? 
What was Professor Arago's conclusion, and from what premises ? 
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K— What said of the direction of comets ? What says Ph>- 
fesBor Kendall of their incliiiatioiis? How is this circumstance re* 
garded by him 7 What is the usual form of the comets' orbits ? Why 
not seen longer from the earth 7 How were comets formerly regarded 7 
Are they dangerous in the solar system 7 Is a collision with the 
earth probable? What are the chances for such a catastrophe 7 
What would be the result, if they should strike our globe 7 What is 
Professor Olmsted's opinion 7 

XOl. — Of wiiat does this chapter treat 7 What is the subject of 
this particular lesson ? What said of the position, office, and com- 
parative importance of the sun? What is his diameter? How 
illustrated by tunnel, and railway ? How does his diameter compare 
with that of the earth 7 How his mass 7 How with the whole solar 
system besides 7 How is the subject of his magnitude illustrated by 
Inference to the moon's orbit 7 What is tho true /orm or figure of the 
siAi 7 Illustrate his relative diameter by the map. 

XOSL — Subject 7 What does the telescope reveal upon the sun's 
disc 7 What said of their number 7 Are spots always visible? What 
is the greatest number ever visible 7 What says your author of his 
own observations? 

X03. — Subject? What is the appearance of the solar spots? 
Point out a nucleus, and its penumbra, on the map. Can you name 
some of the principal phenomena of the solar spots? What did 
Professor Henry ascertain ? What was Lalande's opinion ? What 
thought Dr. Herschel of this suggestion? What was Herschel's 
•pinion? What said of tides on the sun? To what conclusion did 
Professor Wilson arrive? 

X04. — Subject ? What view of the sun is shown on the map ? 
What said of Dr. Herschel's observations and statements 7 Of D/. 
Dick's views? What does he infer from the fact that spots have 
been seen by the naked eye? What says your author of this con- 
clusion 7 

X05. — Subject 7 What is the inclination of the sun's axis to the 
ecliptic? What proof have we of his revolution on his axis? In 
what direction does he revolve 7 In what time 7 What difference 
between his sidereal and synodic revolutions? How do you account 
for this difference of time 7 

XO0. — Subject 7 In what direction do the solar qx>ts cross the 
sun's disc 7 How, then, can he revolve from west to east ? How 
illustrated by two spheres? What said of the apparent inequality of 
motion of the solar spots 7 How explained, or accounted for 7 How 
illustrated by Fig. 1 7 Explain their change of figure by the map. 
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What changes in the apparent direction of the spots at di^m]i> 
seasons, and how explained and illostraied by the map? 

107. — Subject? Is this subject well nndentood ? How does the 
iun appear through a telescope? What was La Place's opinion con- 
cemiug it? What is the most probable opinidu? What says Dr 
Herschel of the temperature of the sun ? Whal calculation in refer- 
ence to the light and heat of the sun's surface ? What remark in 
regard to ignited solids ? What does Dr. Herschel infer from thss ? 
Does his conclusion necessarily follow ? What says he of a reflective 
canopy, &c. ? What does he consider the great mystery in regard to 
the sun ? Does chemical science throw any light upon this question? 
What does Dr. Herschel conjecture ? 

108.— Subject ? What is meant by the zodiacal light? What 
is its form ? How does it seem to surround the sun ? With what 
does its shape seem to correspond ? How, then, do we account for 
its apparent shape as seen from the earth? What said of the nature 
of this substance ? What is Plrofessor Nichd's opinion ? What says 
Dr. Herschel ? What say Dr. Dick and La Place upon this point 1 
What are the dimensions of this phenomenon, ts given by Dr. Her- 
schel ? What other opinion is advanced respecting the zodiacal light? 
What says Professor Olmsted? Who concur with him in this opin- 
ion? Which are the best months for observing this phenomenon ? 
What interesting fact is stated by Froiemor Nichol i What does this 
seem to indicate ? 

109. — Subject? What astonishing fact has been ascertained 
respecting the sun ? How many motions has he ? What is the first ? 
The second 7 The third 7 Who ascertained the direction and 
velocity o( the sun ? What is the point of tendency ? What is the 
estimated velocity of the snn ? With this fact in view, how should 
the sun be regarded? What still more magnificent idea? What 
further light is thrown upon this Interesting subject ? Who has the 
credit of discovering the " central sun ?" Where does he locata the 
centre of our cluster of suns? What star does he fix upon as the 
central orb? What is the supposed distance of Alcyone, as com- 
pared with that of our sun ? How does this distance compare with 
that of Le Verrier ? How long would light be in tray^nng this dis- 
tance? What is M&dler's estimate of the periodic time of the sun? 
Of his velocity 7 How does the plane of the sun's orbit lie, with 
respect to the ecliptic ? Where the ascending node of his orbit ? 

110.— What is the subject of this chapter 7 Of this particular 
lesson ? - Can you describe what is called the nebular theory 7 Who 
originated this theory ? What circumstances seem tc favor it ? Is 
it open to any serious objections? What is the first? What is the 
second objection ? The third 7 The fourth 7 The fifth ? Do any 
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regard this Aeory tnconastent with the Mosaic account of creation! 
M^at is the opii^^n of your author? 



Subject? How many principal laws that govern planetary 
motions ? What called, and why ? What is the first of these laws ? 
What is an ellipse 7 What is meant by the major, or transverse axis 
of an ellipse ? What are the foci ? What is the radius-vector ? 
[See map 7, Fig. 1.] What is the second law of Kepler? Can you 
illustrate this law by the map? What is the third law ? Can you 
illustrate by an example ? Does this law prevail throughout the solar 
system? 



Object ? In this iUustratiou» what is the relative diameter 
given to the sun? Mercury? Venus? Earth? Macs? The As- 
teroids? Jupiter? Saturn? Herschel? Can you give any of the 
distances according to this representation ? 

XX3. — What is the question discussed in this lesson ? What suS' 
picion was entertained before the discovery of the asteroids ? Upon 
what was it based ? What influence had this opinion upon astrono- 
mers? What opinion has been advanced in respect to the origin of 
the asteroids ? What six facts are supposed to favor this hypoUiesis ? 
To whom does this thecury belong ? What other astronomers favor it ? 
What says Dr, Herschel of it ? What remark by Dr. Dick? What 
new theory by General Root? What does your author think of Di. 
Giber's theory, and why ? 

U^ — ^What question is discussed in this chapter ? Have we any 
direct testimony upon this subject ? Upon what, then, is the argu- 
ment based ? What is requisite to a full appreciation of this argument 
from analogy ? What facts, then, seem to require that the planets 
should be inhabited? The first? Second? Third? Fourth? Fifth? 
Sixth? Seventh? Eighth? Ninth? What argiunent from the an- 
imal inhabitedness of fdl parts of our globe ? What part of the uni- 
verse, and of your book, have you now gone over? What yet 
lemains to be considered? Wha[t is meant by the solar system? 
What by the sidereal ieavens ? 

XIO,— What is the subject of Part II.? Of this firat chapter? 
Of this particular lesson? What four characteristios are mentioned 
as distinguishing the fixed stars ? 

TUm — ^What is the first step in classifying the stars ? What the 
tecond ? How many magnitudes ? Which are visible to the naked 
•ye, and which telescopic? Illustrate by map. Does this classifi- 
cation indicate their actiuU relative magnitudes ? Why not ? What 
is the third step in' classifying the stars? How are the individual 
fteiB in each constellation designated ? What is the fourth help in 
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finding and numb«rinr'*fttara 7 The fifth? Can yon gire tli« 
names of any stars ? Can you name any cluiters { How are the 
Stan still further distinguished 7 

1X7* — Subject 7 Is it possible to determine the aetnal number of 
the fixed stars 7 What is the estimated number visible to the naked 
eye 7 Can you give the numbers of each of the first six magnitudes? 
What is the estimated number visible throu^ tele8C(^)es 7 Can yoo 
recite the number of each magnitude from the seventh to the twelfth 
inclusive 7 What is the entire number of all magnitudes 7 What 
remark of Dr. HerscheH Of Professor Olmsted? What estimate 
respecting the number of worlds in our firmament 7 How do all theee 
compare with the boundless universe 7 What idea is advanced in 
regard to the employments of the Christian in a future state 7 

U8. — Subject 7 What is the estimated dittance of the nearest 
fixed star 7 How long would light be traversing such an abyss? 
How many times its present distance must such a star be removed to 
appear only of the twelfth magnitude 7 What astonishing condosions 
follow firom these premises 7 

U9. — Subject? What inference respecting their magnihtdes 
fix>m their distances f Is it fntibable that the stars are of uniform 
size 7 What optnioa prevails anumg astronomers respecting them 7 
How many times his present distance must our sun be removed to 
transmit no stronger light than Sirius 7 How far off would that be ? 
How much less than &e distance of Sirius 7 If, then, the light of 
Sirius would equal that of our sun, though seven milhons of nules 
further off, what must be his relative magnitude and splendor 7 What 
does Dr. Wollaston conclude respecting this star? What is the mag- 
nitude of Vega in the Lyre, as compared with the sun ? Of 61 in 
the Swan 7 What interesting circumstance is mentioned respecting 
Sir John Herschel and Sirius 7 Can you give the relative light <u 
the stars of the first six magnitudes 7 

UO. — Subject? What are constellations, and what was their 
mrigin ? What said of their antiquity ? What proof 7 What said 
of their number at first? Is there room for any additional constella- 
tions? How are the constellations divided, or classified? Which are 
the todiaeal ? Which the northern ? Which the southern 7 What 
other distinction of the constellations? Can you name the xodiaeal 
constellations 7 Wh^t is their number 7 How many northern con- 
stellations are there? Of these, how many are modem? Can yon 
name any of the northern constellations 7 What is the number of 
southern constellations 7 How many ancient 7 Modem ? Can yoa 
name some of the southern constellations 7 Can you recapitulate the 
number of coustellatious in each division, and the total number? 
What is the total number of principal ^ars? [This number is 1917 
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ten than the Bnmber given as virible to the naked eye, in tiie table 
117; but one table includes only the "principoT* stan, while the 
other embraces all that are " m9wle*'] 

ISL — Subject? Upon what atldt is the student to trace the 
constellations? How are the zodiacal constellations arranged? How 
may Aries be known ? How find Taurus ? What said of the lar- 
gest star in this constellation 7 What are the Hyades? Of their 
arrangement 7 How may Cttmim be known ? What said of Can' 
cer ? For what distinguished ? For what is Leo remarkable ? What 
is the name, magnitude, and position of his largest star ? In what 
manner are his other stars arranged, and where, in this arrangement, 
is Regulus 7 What ather star is named, and what is its magnitude and 
position 7 Describe the next constellation. What star is named, where 
is it found, and what its magnitude ? What said of the remaining 
stars? How may Libra be known? What constitute the beam 
of the scales? Where is the smallest of the four stars ? What said 
of Scorpio ? Of his head ? Of his relation to the ecliptic ? What 
star is named, and what said of its position, color, and magnitude ? 
'Where does Capricomus lie, and how may it be known 7 How is 
Aquarius represented ? What ure the magnitudes of his four largest 
stars 7 How find the head of the figure ? Describe Pisces, their 
position, number of stars, &c. Where is the largest star situated, and 
what is its name and magnitude ? 



lubject? Where do we begin this review, and in what 
direction do we proceed ? How may Andromeda be known ? De- 
scribe the figure. What said of the middle star ? Of the one west 
of Mirach? Of the eastern ouet What said of the position of 
Mirach in respect to the Colures ? What of the size of the three 
principal stars? Of the girdle of Andromeda? What directly south 
of Mirach ? Where is Perseus situated ? What is the figiure ? Where 
is Algol situated, and what is its magnitude 7 What star east of 
Algol, and how far ? What other stars are mentioned 7 What is the 
figure of Auriga, his posture, and position 7 What said of his prin- 
cipal star 7 Where situated, and how known 7 Where is the Lynx 
situated, and what said of its component stars? Of what is Leo 
Minor composed, and where situated ? What said of Coma Beren- 
ices, its situation, and principal star? What of Charles's Heart? 
What is the figure of Bootes? What larve star in this constellation, 
his magnitude, situation, and color? What said of his "sons?** 
What other principal stars in Bootes 7 Where is The Crown situ- 
ated? Of what does it consist? What is the position, magnitude, 
and name of the largest star 7 How else known 7 Where is Her- 
cules situated? What the figure? How placed? Describe this 
constellation. Where is Ophiuchus situated 7 Describe the figure. 
What constitute the head of the serpent 7 How trace the folds of tha 
serpent 7 What is the name and magnitude of the principal star Ui 
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thk constellation? Where » it sitaated? For what m Aqmlm 
coni^cuouB? What is the name, pontion, magnitude, and appear- 
ance of its principal star ? Where, with respect to the Eagie, does 
the constellation Antinous lie? Where is the Dolphin sitaated, 
and how may he he known? How is Pegasos situated, and 
how described? How may he be known? What said of their 
magnitudes, &c.? Where is the Horse'* Head sitaated, and how 
described? 

What Constellations are next to be considered ? Where is Uraa 
Minor situated ? Of what does it consist ? In what form are thi 
seven principal stars arranged, and where is the Pole Star? How 
may Ursa Major be known? How many stars in the Dipper? What 
part of the Bear do they constitute ? Can you name any of these 
stars ? For what is Mizar remarkable ? Which are the Potntera^ 
and why so called ? Where does the head of the Great Bear lie, 
and of what composed? What said of his feet? What said ai the 
extent and situation of Draco ? How may he be traced ? By what 
may his head be identified? What is the magnitude of his principal 
stars? Where does Cepheus lie? Has he any conspicuoiis stars? 
Describe the figure. How is Cassiopeia represented, and how sitaa- 
ted? Of what is her chair composed, and what are their magnitudes? 
For what is Lyra distinguished ? Where situated ? What is its prin- 
cipal star called ? What is its magnitude ? What other stars in this 
constellation? Where is Cygnus ntnated? Describe its principal 
stars. Give the name, place, and magnitude of the largest of the 
group. What said of the remaining stars? Where is Camelopardalus 
situated? What said of its character? Of its principal stars? 
Where is its head situated? Of what is the Lynx composed? 
Where situated ? Its three largest stars are how large ? 

1A3* — Subject? What general remark respecting the southern 
constellations? What is the comparative magnitude of Cetus? 
Where situated ? How placed ? How may his head be known ? 
Grive the name, place, and magnitude of his laiveet star. Where is 
Orum, and what said of him? What is the ^fure? How many 
principal stars ? What stars form the shoulders? The head ? The 
belt or "bands?" What other name have they, and why? What 
constitutes his sword ? What are the belt and sword together some- 
times called ? Which star is called Mintika, aud near what is it 
situated ? Where is Rigel, and what his magnitude ? Saiph, and 
his magnitude ? Where may Lepus be found, and how known ? 
What is the name and magnitude of his principal star? Where does 
the Dove lie? How many visible stars? Name the brightest, and 
next brightest, and give their relative positions. How may Beta be 
Known? What is the direction of Eridanus? Its length? How 
divided? Where does the southern begin and terminate? [The 
southern stream is a continuation <^ the northern, which fonns a bend 
near Cetus. and pasHes ofi^ southeasteriy towards the Dove, and thea 
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flows to the southwest till it disappeais. Rigely in Orion, is in this 
stream. Its remaining stars are i^ostly of the third magnitude.] 

Where is Cants Major situated? How found? What said of 
Siriua? Where may Canis Minor be found? What principal stars, 
their names, and magnitudes? Where is The Unicorn located? 
What is the magnitude of his principal stars ? How may his head be 
found? Where may the head of Hydra be found, and how known ? 
What star in his heart, his pdsition, and magnitude? Where is The 
Crow situated, and how represented ? What number of visible stars, 
and their magnitudes? What said of Argo Navis ? How situated? 
How kuowu ? Where is the star Markeh ? What stars of the sec- 
ond magnitude? What of the first ? What said of Ceniaurus ? Of 
Lupus ? Where is Sextans ? What is the size of its largest star, 
and how situated? What said of The Cross? Its situation, and 
comiponent stars ? 



, — What is the subject of this chapter? Of this lesson? 
What meant by double, triple, and multiple stars? What other 
names for the- same things? In what two ways are stars supposed 
to be rendered double? Are these companionships more frequent 
than couid result from accidental causes ? What does Fig. B repre- 
sent ? What said of their color and magnitudes? Why an interest- 
ing double star ? What does Fig. C represent? What said of the 
colors and magnitudes of its component stars? What is their dis- 
tance from each other? What does Fig. D represent? Their mag- 
nitudes ? Distance apart ? Their colors ? What said of this star as 
a test object? Of what is Fig. £ a representation? What is the 
color of these stars ? What their magnitudes, and distance asunder ? 
What estimates have been made of the number of double stars? 
What first led astronomers to suspect the physical connection of 
double stars, and their periodical revolution ? 

126. — Subject? What are Binary systems ? How were their 
revolutions detected ? What said of the periods of those best known ? 
What double star is mentioned, and where found ? When first no- 
ticed? What is their periodic time ? Their angular motion ? What 
curious calculation has Dr. Dick respecting these stars? What sys- 
tem is represented at Fig. G ? What is its probable period ? What 
does Fig. H represent? Can you give their j>erio(2, color, and mag- 
nitudes? In what light should these systems be regarded? What 
says Dr. Dick of them ? What said of their proper motions in space ? 
What is the supposed cause of the variety of colors they present ? Is 
it probable that the colors are merely complementary in all cases ? 
What said of isolated red stars? 

JAG. — Subject ? What are variable stars ? What is the char- 
acter of their variation ? How is the term " period " applied to variable 
■tars? What two remarkable periodic stars are mentioned ? Where 
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is Mira situated? What said of its variatioiis? Where fe Algol f 
What said of its Tariatioiis, period, color, &c.? What is the supposed 
eaii$e of these periodic variations? What says Professor Olnisted? 
What other theories to account for these yariatioiiB? What remarks 
by Mr. Abbott? 

U7. — Subject? What are temporary otars? What said of 
Hipparchus? What of the temporary star of 389 ? Of that of 
November, 1572? What remark by Mrs. SumervUle? What 
observation by Dr, Dick? What opinion by Professor Vines? 
What eay La Place, and Dr, Goods ? 

128. — Subject? What said of introducing this subject here? 
What are the falling or shooting stafs? When great nuftiben fiaU» 
what are they called? When did the most remarkaUe of these 
occur, and how described? From whence are these meteors supposed 
to come, and how ignited? How does Professor Olmsted account for 
them? ^ 

]A9« — Subject? Give the names and places of some of the 
clusters. For what sometimes mistaken? What list has been 
formed, and what said of it? How knoHm to be clusters, and not 
comets ? What said of the forms of these dusters? What said of 
the number of stars they contain ? What said of Fig. I, and of red 
stars? What said of the probable nature and distances of the indi- 
vidual stars of these clusters ? What does their globular figure indi- 
cate ? What further said of J and K ? Of a new cluster ? 

130. — Subject? To what is the term nebuUi applied? What 
are resolvable nebulfe? What irresolvable? Is it likely that any 
nebuIiB are actually irresolvable ? What evidence from Lord Rosse's 
observations ? Where is the newly discovered spiral nebula situated ? 
What resemblance to our Milky Way ? What does this nebula re- 
semble? Is this, too, composed of individual stars? Describe Fig. 
L on the map. What said of single amd double nebillffi? What 
specimen givisn, and where found ? What specimen of hollow nebula, 
and where found ? What are stellar nebula ? What specimens, and 
where found? What said of the sun and zodiacal light? What 
are planetary nebuUt ? What said of their magnitude ? What 
illustrative specimen ? What are annular nebulid ? [See afrnvlus, 
m the Appendix.] Where may the most conspicuous be found, and 
how described ? What does Fig. R represent ? Fig. S ? What does 
Fig. T represent? What said of the number of nebulfe? What 
is *< star dust ?" Illustrate appearance by the map. What illustra- 
tiQn of the uses and powers of the telescope from this map? What 
is the object of this experiment ? What says Sir John Herschel of 
the nebulsD 7 What said of the Milky Way ? How illustrated by 
map ? Why, then, appear so extended ? How would it appear to 
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observer as far (^ as the nebula in the Lyre? May, therefore 
be called what? What is M&dler's conclusion in respect to the 
structure of our stellar firmament? What estimate by Sir W. Her* 
0ohel relative to the number of the fixed stars? What said of theix 
probable mutual distances, positions, and offices? What idea of the 
extent of the universe drawn from the dimensions of our own cluster, 
and the number of clusters in remote regions ? What closing refleo- 
tionfl are subjoined by your author? 



'I 



HUNTINGTON AND SAVAGE. 

916 PIIARX.-8TRB8T, NBW VOHS, 

PUBLISH THE FOLLOWING 

VALUABLE SCHOOL BOOKS, 
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AN ELEMENTARY ASTRONOMY, 

For Academies and Schools. Illustrated by numerous original colored 
diagrams. Adapted to use with or without the author's Large Maps. 

By H. MATTISON. 

Fifth Edition, with Questions and a Glossary. 

This is one of the most comprehensive and splendidly illustrated worts 
on Astronomy that has ever been published in the United States. Its plan is 
eminently onginal and philosophical. It is confined to the facts of the sci- 
ence, or the results that nave been reached during the lapse of ages, without 
delineating its Mythological history, or tracing the processes by which -these 
facts have been ascertained, either by the use of instruraents, or by mathe- 
matical calculations. It embodies all the late discoveries, and is equally 
adapted to private learners, the library, and the schoolroom, as it is com- 
plete in itself, independent of the large charts. As a book of reference it is 
invaluable. To this may be added its perfect adaptation to use with the laigt 
Maps, (of which the illustrations in the book are exact copies in miniature,) 
so that the learner having the Maps, has on a large scale the same diagrams 
by which to illustrate the lesson at the recitation, that have been previously 
studied by the pupil in the text-book. To say nothing of the recommenda* 
tions that follow, the sale of ten thousand copies of this work, in a little over a 
year, is a sufficient proof of its popularity and intrinsic value. 

ASTRONOMICAL MAPS, 

Adapted to use with the ** Elkmbntart Astronomt," and desired to illus- 
trate the Mechanism of the Heavens. For the use of Public Lecturers, 
Private Learners, Academies, and Schools. 

Bt H. MATTISON. 

This series consists of Sixteen Maps, or Celestial Charts, ^ach 38 by 44 
inches, representing the various appearances of the Heavenly Bodies--the 
Sun, Moon, Planets, Comets, and Fixed Stars— and illustrating the laws 
which govern them in their motions, the philosophy of Tides, Eclipses, and 
Transits, and indeed all the most interesting and wonderful phenomena ol 
the Mechanism of the Heavens. The sixteen Maps cover an area of nearty 
300 square feet. They are printed upon a black ground, answering to the 
natural appearance of the heavens in the night, and are beautifully colored 
and mounted upon slats and rollers. They are beyond comparison the most 
splendid and complete series of scientific charts ever published in this coun- 
try. They are not only invaluable for Seminaries, Academies, and the higher 
institutions of learning, but at the same time are admirably adapted to pop 
ular'use in Common Schools. One thousand sets of this work have already 
been sold and gone into use in different parts of the country ; and the una* 
nimity and cordiality with which they are commended by aU who have used 
or examined them, is truly gratifying to the publishers. (See following page.) 

Maps, per set, in case, with cloth backs, f^ 00 

" ** " on strong paper, without cloth backs, 15 00 
Books per copy, 50 

{fCr Each Set of Maps is nicely packed in a Wooden Case, and can bs 
sent to order with perfect safety to any part of the United States or CaiMds 
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Haying examined, and seyeral of vm used, the ELEmiiTAaT As- 
TRONOUT and Astronomical Maps, by H. Mattison, we are prepared 
10 say, that in our opinion, they are better adapted to the purposes 
of elementary instruction in Astronomy, than any other work or ap- 
paratus now before the puUic. We would therefore cordially re- 
eommend their introduction into all schools where this sublime science 
is taught 

EDWARD COOPER, Sec'y of Teachers' Association, state N. Y. 

ALBERT D. WRIGHT, Principal Normal Inst., Brooklyn, N. Y. 

JAS. L. McELLIGOTT, Prin. Col. School, N. Y. city. 
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G. L. FARNAM, Prin. Public School No. 3, Watertown, N. Y. 
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From Faor. MiroHEL, Pireetor of the Cincinnati Obeervatoryk 
In a note to the publishers, Pro£ M. says: 

<* Your series of Maps are hung up in the public reception-room of 
the observatory. I am much pleased with your plan of speaking to' 
the eye ; and am confident that these maps will soon find their way 
iiM> every well-couducted school." 
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GEOGRAPHY OF THE HEAVENS, 

AND CLASS-BOOK OF ASTRONOMY. 
1 TOL 18bm>. 

Accompanied by a Celeitial Atlai, imperial 4to., neatly colored. 

An admirable work to follow the " Elsmsn tast AiTaoNoiCT'* Aim <* A^ 
TBONOMiGAL Maps." The two works together present a more thorou^ 
embodiment of the science than any others of the same compass, in taa 
country. 

OOMTBNTS OF TH> ATLAS. 

I. Plan exhibitins the relative Magnitudes, Distances, and Position of the 

different Bodies which compose the Solar System, 
t. The Visible Heavens in January, February, and March. 
S. The Visible Heavens in October, November, and December. 

4. The Visible Heavens in July, August, and September. 

5. The Visible Heavens in April, May, and June. 

6. The Visible Heavens in tne South Polar Regions, for each month in 

the vear 

7. The Visible Heavens in the North Polar Regions, for each month in 

the year. 

8. Planisphere of the Whole Heavens, on Mercator*s Projection. 

Bt B. a. BURRITT, a. M. 

With an Introduction by Thomas Dick, LL. D., Author of the ** Christian 
Philosopher,** written ejq)ressly for this work. 

A variety of interesting facts and observations, embracing the latest im- 

Erovements in the science, were derived directly srom the French and Enff« 
sh Observatories, expressly for this Class-Book^ and are not contained m 
any other. It is now coming generally into use m our principal Semmaries, 
and is recommended to schools in general by members of the Board of Ex* 
amination of Yale College, as a work more needed, and which, it is be* 
lieved, will be more useful than any other introduced into our ** Institatiooi 
of Learning, for a number of years.** 

This book, as its title imports, is designed to be to the starry heavens 
vrh&t geography is to the earth. Such a Class-Book has loaff been.necded. 
Hitherto, the science of the stars has been but very supeillcially studied hi 
our schools, for want of proper helps. They have continued to g^ixe upon 
the visible heavens without oomprehending what they saw. "niey have 
cast a vacant eye upon the splendid pages of that vast volume which the 
night unfolds, as children amuse themselves with a book which they are 
unable to reaid. They have caught, here and there, as it were, a dental 
letter, or a picture, but they have failed to distinguish those smaller charao* 
ters, on which the sense of the whole depends. Both teachers and pufHls 
have found that Class-Books and Maps are as mdispensaMe to this deinrt- 
ment of knowledge, as to that of Geography ; and tnat an artifi<nal globe ii 
just as poor a substitute in one case as in the othera Instead of tiie globe, 
and a few balls strung upon wires. Mr. Burritt*s book and Atlas intaroduoas 
the pupil at once to the Orand Orrery of Uie Heavens, and makes liim 
acquainted with the names and |>ositions of the bodies which compose iL 
He learns to locate and to classify his astronomical knowledge as he (fees his 
geographical ; and experience has proved that a child of ten years will trace 
oat all the. constellations that are visible in the heavens, and name the 
nrincipal stars in each, as readily as he will learn the boundaries of the 
lutes from a map, and name the cities they contain. 
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A NATIONAL GEOGRAPHY FOR SCHOOLS, 

Dlustrated by 220 Engravings and 60 Stylographic Maps ; with a colorad 

Globk Map, on ▲ niw plan. 

One rol. quarto. 

New and improved edition. 

Bt S. O. GOODRICH, Author of Peter Parley's Tales. 

This work is designed as a schodl'hook—2L manual for teaching; and nothing 
in the w ork is allowed to interfere with this design. At the same time, from 
the arran^ment adopted, it will be found to contain a great quantity of 
matter which will render it a convenient family book for reference. Its 
utility,Nin this respect, will be enhanced by the index at the close of tlM 
Tolume. 

Simplicity t perspteuitjfi and ctmvenience have been carefully studied in the 
arrangement of the whole work. Thus the typography, especially that 
which contains the leading ideas of each lesson, is clear and conspicuous ; 
the lettering of the maps is peculiarly full and distinct ; the whole view of 
each country is brought together, so as not to embarrass the reader by a 
reference to separate pages, or separate tables ; distinct maps of the prin 
cipal countries are given, ana care nas been taken not to fill them with un 
important names, which may bewilder the student, and render all his ae- 
qiusitions obscure and imperfect. Too many of the popular school-books 
on this subject are made to com^Miss two ejects ; to combine a univeraal 
geoffraphy and a school geography in one. Both objects are not, therefore, 
weu attamed. for while there is not enough for the former, ^ere is too 
much for the latter : the conseouence is inconvenience and embarrassment 
to the teacher— increased study and labor to the pupil, while he is im- 
perfectly instructed, if not actually injured in his habits of study. The 
maps and text of this work contain quite as much of detail as the pupil can 
remember. The design has been to embrace just so much, that, if well 
studied, the pupil will carry in his mind clear and distinct images of the 
forms of countries, courses of rivers, location of towns, cities, Ace., so that 
every country, with its leading features, can be and w^ be permanently 
mapped on his mind. 

In respect to maps a new and useful device has been adopted, which we 
entitle a Globe Map. This, of necessity is separate from the pages referring 
to it, but its great utility and convenience, in the way it is to be used, can- 
not fail to strike every practical teacher. It has a handle, and with a modd 
of the globe in hie hand^ the pupil is taught the various names given to the 
oiviBions of land and water, the shapes of oceans and continents, and the 
relative positions of countries and places upon the face of the earth. 
It is. in short, a substitute for an artijiaal globe, with the advantage of being 
easily handled, and constantly before the eye, during the early stages <m 
the study. 

As a means of rendering the progress of the pupil at once agreeable and 
effective^ the author has endeavored to invest the subject with every de- 
gree of mterest of which it is capable. He has sought to keep the attention 
alive by vivid descriptions ; and, in order to convey accurate impressions of 
risible objects, he has introduced a larger number of illustrative engravings 
than have ever appeared in a similar treatise. Every one knows that mere 
words are incapable of conveying correct and distmct ideas of animals ; 
and that a simple cut of a lion, for instance, will be more useful in giving 
an impression of his form ana aspect, than a whole volume of verbal de- 
■cription. The same may be said or the countenances and costumes of 
▼anous nations ; of the peculiar modes of building, travelling, worshipping^ 
kc The engravings, therefore, are not introduced as mere embellishmentf 
■nd allurements to the pupil, but as an efficient and eisential source of oor 
fMt infoimation. 
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PETER PARLEY'S NEW GEOGRAPHY FOR 

BEGINNERS. 

niustrated with 18 beautifully colored Maps, and 150 EngravJBgs, and neati^ 

bound in stiff covers. 

It were needless to speak of the felicity of style, or of the simple, clear, 
and practical method in which Peter Parley presents to the younx the 8ub> 
jects of which he writes. Notwithstanding other works of the kind have 
Deen issued, this little work, more full and accurate than any, continues to 
make its way in all places where improvements in primary education are 
going forward. It has been reprinted in England, and is extensively used 
throughout that country and Canada : it has oeen translated into French, 
and is much used in France ; it has been published in Greek, and introduced 
to 30,000 youth of that nation. It has also been translated by the missionaries 
in Persia, and introduced into their schools, and has been more recently re- 
printed in Sidney, New South Wales. This foreign use is evidence of the 
value and popularity of the work ; yet it is to be regretted that we have no 
copyright law to give authors and publishers the benefit of such use. 



FAMILIAR LECTURES ON BOTANY, 

PRACTICAL, ELEMENTARY, AND PHYSIOLOGICAL: 

^th a New and Full Description of the Plants of the United States, and 

Cultivated Exotics, dec. For the Use of Seminaries, Private 

Students, and Practical Botanists. 

Bt MRS. A. H. LINC0LN,-N0W MRS. PHEL1»S, 

PRUrCIPAL or THB Pi.Ti.FSC0 FSMALB INSTITUTI OF MABTLAND. 

New Edition, revised and enlarged. 1 vol. imperial 12mo. 

In the present edition of this work, in compliance with the request <rf' many 
teachers, the '' Descriptions of Genera and Species" are now made to in- 
clude all those native and foreign plants which the pupil will be likely to 
meet with in any part of the United States. The author has been anxious 
not to omit Southern and Western plants of any interest, and large additions 
under this head have been made. Should teachers, or students, observe 
such omissions, communications on the subject, made to the author, would 
be gratefully received. The author has now thoroughly revised the descrip- 
tions of plants. For the numerous additions made she is indebted to several 
American works, especially to the " Botany of the Norttiem and Middle 
States,^' by Dr. Beck ; and also to the descriptions of Torry. Bigelow, and 
Elliot. For foreign plants, Eaton's and Wright's Manual, Withering*8 Brit- 
ish Plants, Loudon's Encyclopedias, and lome other works, have been cod> 
suited. 

For clearness, simplicity, and philosophic precision, there are few school- 
books which hold a more pre-eminent rank than Mrs. Lincoln's Bc^uiy : few 
certainly have a virider and more jjistly deserved popularity. The work it 
divided into Four Parts— 

1st. The Analysis of Plants, or Lessons in Practical Botany. 

3d. The Organs of Plants, beginning with the Root, and ascending to the 
Flower; or what is termed Elbmbntart Botant, and Vegetable Phy>- 
■iology. 

3d. The different Systems of Bcianyy and the most importaat Nttwul Fam^ 
Ses ; the most interesting genera said families found under each Clan aod 
Order. 

4th. The progressive appearance of Flowers in the Season of Blooming: 
the Phenomena produced by the different states of Light, Atmosphere, dee. ; 
Geographical Distributaou. 
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History of Botanical Science, and tne Analogies and Contrasts betweei 
organized and unorganized matter in Nature. 

A distinguished and experienced teacher in natural science says of thil 
work :— " Far from depreciating other works on this subject, I think my re- 
mark will not be invidious, when I say, that I think it far better adapted to 
the purposes of Elementary Instruction in the science than any I have seen. 
I am much delighted with the easy and natural method by which it intro* 
duces the scholar to a knowledge of the first principles of the science, and 
the strict philosophical arrangement it employs in impartinff instruction. 
The whole work has the impress of one practically acquaintea with the art 
of teaching, and adds another proof to the many already existing, that in- 
ftructors of intelligence are generally better qualified to prepare elementary 
TTorks than those who have never had any experience in the business of 
teaching/' 



BT TBS IAMB AUTHOR, 
DESIGNED FOR PRIMARY AND COMMON SCHOOLS, 

BOTANY FOR BEGINNERS. 

AN INTRODUCTION TO MRS. LINCOLN'S BOTANY. 

t 

Bt MRS. LINCOLN PHELPS. 
1 vol. 18mo. pp. 150. 

This book is intended chiefly for the use of primary schools and the 
younger pupils in higher schools and seminaries. So much has, of late, 
Seen urged by those who take an interest in the subject of education, in 
favor of introducing the Natural Sciences into Common Schools, that it it 
to be hoped that the time is not far distant when plants and minerals will be 
as familiar objects of study in our district school-house as the spelling-book 
DOW is. Perhaps some parent or teacher may be ready to inquire, whether 
it is recommended that such studies shall take the place of residing, spelling, 
or writing : by no means ; but every teacher knows that there are many 
listless ana vacant moments when even the most active of his pupils seem 
tired of their monotonous pursuits ; habit and respect for their teacher may 
lead them to sit still and do no mischief ; but it is not difficult to perceive, 
by the heavy eye and inanimate countenance, that the intellect siumber& 
These are the moments when the experienced teacher feels the need of 
some new stimulant. Instead then or saying, "John, or Lucy, you have 
been sitting idle this half hour, why don't you mind your book ?" he who 
understands the. human mind is aware that this is the very way still more to 
disgust his pupil, and he will assuredly be ready with some new method of 
awakening attention. Suppose, then, instead of a rebuke for idleness, the 
teacher should kindly address his pupil as follows : " You have been so long 
engaged upon a certain set of studies, that I perceive thev have become tire- 
some ; I think of introducing a new study into the school ; to-morrow Itkatt 
gwt a lecture on Botany ; you may therefore bring with you to-morrow all the 
wild lilies, or violets, or any kind of common wild flower that you can find 
in the fields." The effect, any one at all accustomed to the care of children 
will readily understand. But it may be said, *' there are many teachers who 
are not capable of giving a lecture upon botany." To this it may be an- 
swered, that every teacher who is in any degree fit to be such can use the 
** Botany for Beginners," even though they never heard a lecture upon the 
subject of botany ; it will teach him the leading principles, and he can ez- 
fdain them to his pupils ; this will be lecturing upon Botany. 

Thousands are usmg this little work, and give the strongest testimony in 
Us favor. 

The successor of Miss Beeoher in the Hartford Female Seminary says :~ 
" It is a clear, simple, and interesting exhibition of the principles of an en 
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tertaining science, adapted to the comprehension of children, for vhonr '^ Is 
designed, and fully capable of preparing them for a more extended trea"*«8u 
It is particularly recommended to the instructors of our common school,^ .^ 
an interesting employment for the leisure hours of their scholars ; av ^ 
mothers, as an assistant to them in the great work of storing their chikliPi^ 
minds with the knowledge of the works of thc^ Creator/' 



PHELPS' NATURAL PHILOSOPHY, 

FOR THK Un OP B0HO0L8, ACADEMIES, AND PRITATB BTUDUfTfr 

Illustrated with numerous Engravings from original designs. 

Bt MRS. LINCOLN PHELPS. 

New Edition. 1 roL ISmo. 

PHELPS' PHILOSOPHY FOR BEGINNERS. 

1 ToL 18mo. 

A teacher of much experience, and Principal of one of our first Academies 
says of these works :— 

" The subject is treated in a manner highly scientific : the engravings de- 
signed for illustrating the text are happily chosen and executed ; and a de- 
gree of freshness pervades the whole work ;<rliieh cannot but imiMut Uife and 
animation to the student of its pages. But more than all, we rejoice to see 
A healthy moral feeling diffusing its fragrance over the whole.'' 

PHELPS' CHEMISTRY. 

New Edition. 1 voL 12mo. 

PHELPS' CHEMISTRY FOR BEGINNERS. 

1 vol. 18mo. 

Professor Caswell, of Brown University, having examined some of the 
most important chapters of these works, says :— " The principles of the 
science appear to be stated with brevity and clearness, and are h^pily illit^ 
trated by uuniliar and well*selected examples." 



UNIVERSITT EDITIOlf 

OF 

DR. WEBSTER'S DICTIONARY: 

Abridged from the quarto American Dictionary, with Walker's Key to the 
Pronunciati<m of Greek, Latin, and Sciipture Proper Names, etc. Witli 
a Memoir and Bust of the Author. 1 vol. royal du(Miecimo. 556 pages. 

WEBSTER'S HIGH-SCHOOL DICTIONARY. 

12mo. 860 pages. 

The design of this volume is to furnish a vocabulary of the more common 
words, which constitute the body of our language, with numerous technical 
terms in the Sciences and Arts, and many words and phrases from other 
languages, which are often met with in English books, with a brief defini* 
tion of each ; to which is added an accented vocabulary of CLASSICAL, 
SCRIPTURE, and MODERN GEOGRAPHIC NAMES. The Orthofpra- 
phy and Pronunciation are made to correspond closely with those editums 
of the work of the author recently revised under the eoitorship of Professor 
GooDBioH, of Yale College. 
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WEBSTER'S PRIMARY SCHOOL PRONOUNCING DICTIONARY. 

With Accented Vocabularies of Classical, Scripture^ and Modem Geogra* 

1)hical Proper Names. Square 16mo. New edition, revised and en- 
arged, corresponding in orthography to the large work of Dr. Webster. 

This work embraces about ten thousand more words than Walker's School 
Dictionary, and is especially recommended to the attention of teachers. 

Also—POCKET EDITION, in several styles of binding— cloth, tuck, gilt 

and gilt embossed. 

This last is a vocabulary of the most important words of our language, 
both common and scientific, with a concise, primitive definition of each 
word, followed by the derivations of the same word,— thus presenting the 
two features in one, of a defining Dictionary, and one of the Synonyms. 

The following Testimonial is subscribed by a large number of the most 
distinguished men of our country : 

*' The subscribers highly appreciate Dr. Webster's purpose and attempt to 
improve the English language, by rendering its orthography more simple, 
r^[ular, and uniform, and by removing difficulties arising ^om its anomalies. 
It is very desirable that one standard dictionary should be used by the nu- 
merous millions of people who are to inhabit the vast extent of territory be- 
longing to the United States ; as the use of such a standard may prevent the 
formation of dialects in states remote from each other, and impress upon 
the language uniformity and stability. It is desirable, also, that the acc^uisi- 
tion of the language should be rendered easy, not only to our own citizens, 
but to foreigners who wish to gain access to the rich stores of science which 
It contains. We rejoice that the AmeriecM Dictionary bids fair to become 
such a standard ; and we sincerely hope that the author's elementary books 
for primary schools and academies, will commend themselves to the general 
use of our fellow-citizens." 



THE PRACTICAL FRENCH TEACHER. 

By NORMAN FINNEY, A. M. 

The leading peculiarity in this work is, that it exercises the student 
throughout in the constant practice of speaking. The oreparation of every 
lesson is a preparation for speaking the ian^age, and every lesson is an 
actual conversation in it. These conversations, too, are progressive and 
systematic ; commencing with the simplest elements of the language, and 
advancing by an easy process, to the more difficult. The whole has been 
prepared with a view to overcome the difficulties which an American meets 
in acquiring a knowledge of that so necessary part of a finished education. 



KEY TO PINNEY'S PRACTICAL FRENCH TEACHER. 



THB FIRST BOOK DT FBENOH ; or, A Practical Introduction to the 
Reading, Writing, and Speaking of the French Language. By Nobmaic 

PiNNBT, A. M. 

PICTORIAL HISTORY OF THE U. STATES, by S. G. Goodrich. 
PICTORIAL HISTORY OF FRANCE, by S. G. Goodrich. 
PICTORIAL HISTORY OF ENGLAND, by S. G. GooDRica 
Pictorial history of ROME, by S. G. Goodrich. 
PICTORIAL HISTORY OF GREECE, by S. G. Goodrich. 

The above series of histories, formerly published by Messrs. Sorin k. BaU« 
of Philadelphia, is very extensively introduced into both private and publia 
institutions throughout the Union. 
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ENQINEER'8 Sl MECHANIC'S COMPANIONS 

Comprising Mensuration of Superfices and Solids ; tables of' ^goaiTM ami 
Cubes ; Square and Cube Roots ; Circumference and Areas of Cire^es; 
the Mechanical Powers ; of Steam and Steam Engi^s i : . 
United States Weights and Measures, Ac \, T ' 

BY J. M. SCRIBNER, A. M. * 

I Tol. 18mo., 340 pages. Morocco, gilt, with tucks. ' -^ * 

This work is highly recommended by several distinguished civil engiBeen, 
and machinists ; and, as a Manual for practical mechanics, is a work 0f 
great value. Besides the general topics already enumerated, it contains a 
Tast amount of valuable matter, in relation to Centres of Gravity ; Gravita- 
tion of Bodies ; Pendulums ; Specific Gravity of Bodies ; Strength, Weij^bt, 
and Crush of Materials ; Water Wheels , Hycurostatics ; Hydraulics ; StatacM ; 
Centres of Percussion and Gyration ; Friction ; Heat; Tables of Weights of 
Metals ; Pipes, Scantlings ; Interest ; &c. &c. 

THE ENGINEER'S, CONTRACTOR'S, AND SURVEYOR'S 

POCKET TABLE-BOOK. 

BY J. M. SCRIBNER, A.M. 
264 pages, 24mo. Tuck binding, with gilt edge. 

The above work comprises Logarithms of Numbers, Logarithmic Smes 
and Tangents, Natural Smes and Natural Tangents ; the Traverse Table, and 
a full and extensive set of tables, exhibiting at one view the number of Cu- 
bic Yards contained in any embankment or cutting, and for any base or slope 
of sides usual in practice. Besides these essential tables, the work oemraises 
50 pages more of MensuraticMi, Tables, Weights of Iron, Strength of Mate> 
rials. Formulas, Diajs^rams, etc., for laving out Railroads, Canals, and 
Curves ; much of which has never before been .offered to the public, and all 
indispensable to the engineer. This book will prove a great saving of time, 
and will enable the new beginner to furnish results as accurately (and with 
much greater rapidity) a& the most experienced in the profession, without its 
aid. The tables of logarithms, etc., have been carefully corrected and con&- 
pared with different editions oif the same tables ; and all the tables throughr 
out the book have been read carefully by proofs four times ; hence the ommC 
implicit confidence may be placed in their correctness. 

KAME'8 ELEMENTS .OF CRITICISM. 

1 vol. 8vo. 
^fir The only edition which received the latest rftvision of the Anther. 

PRESTON'S BOOK-KEEPING, 

DOUBLE AND SINGLE ENSltRT. 

PRESTON'S INTEREST TABLES; 

6 per cent— Large and Abridged. 7 per cent.— Large and Abridged. 



Any valuable Books to be had in ftewlTcrkf will be ftn^ 
nished by B. & 8^ at the Ttaweet Oash Prices 
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